CROSS 

TALK 

►  TELAUTO  .  .  .  The  question  of  the  bandwidth  re¬ 
quired  to  transmit  intelligence  at  a  given  rate  is,  to 
judge  by  its  many  appearances  in  this  column,  a 
subject  on  which  we’re  hipped.  At  any  event  we  were 
much  taken  by  Bill  Tuller’s  discourse  on  the  weather 
map  and  the  telautograph,  given  at  a  recent  com¬ 
munication  symposium  in  Washington.  It  is  cus¬ 
tomary  to  transmit  weather  maps  by  facsimile,  using 
the  familiar  line-at-a-time  scanning  process.  But 
this  system  ignores  the  evident  fact  that  the  map  of 
the  United  States  stays  reasonably  constant  from 
day  to  day.  What  changes  is  the  position  of  the  iso¬ 
bar  contours  and  associated  symbols.  Recognizing 
this  fact,  we  might  send  the  basic  map  through  the 
mails  and  employ  a  telautograph  (the  gadget  com¬ 
monly  seen  in  stores,  banks  and  railroad  stations 
which  transmits  handwriting  by  an  electrically-actu¬ 
ated  pen)  to  transmit,  handwriting-fashion,  the  con¬ 
tours  and  symbols.  The  facsimile  scanning  system 
needs  a  bandwidth  of  several  hundred  cycles.  The 
telautograph,  freed  from  the  necessity  of  transmit¬ 
ting  anything  but  the  essential  information  super¬ 
imposed  on  the  map,  needs  a  bandwidth  of  only  15 
cycles  to  do  the  job  at  the  same  speed.  Tuller’s 
point  is  that  a  transmission  system  set  up  to  take 
account  of  the  special  characteristics  of  the  informa¬ 
tion  to  be  transmitted  may  be  much  more  efficient 
than  one  which  ignores  said  characteristics. 

A  logical  extension  of  this  philosophy  applies  to 
television.  The  background  of  many  television 
scenes  remains  unchanged  for  considerable  periods, 
and  need  not  be  changed  in  less  time  than,  say,  a 
quarter  of  a  second.  Suppose  then  that  the  back¬ 
ground  could  be  transmitted  separately  from  the 
central  subject  matter.  If  a  storage  screen  were 
available  to  retain  the  background  it  could  be  trans¬ 
mitted  at  a  slow  rate,  that  is,*  in  a  narrow  band.  The 
major  part  of  the  video  band  might  then  be  reserved 
for  depicting  the  smaller  area  comprising  the  central 
subject  of  the  scene  and  the  detail  of  this*  subject 
would  be  correspondingly  enhanced.  The  detail  of 


the  background,  being  .sent  at  a  slow  rate,  could 
readily  be  made  to  match  the  high  value  possessed  by 
the  central  subject.  This  proposal  is  easily  stated, 
much  more  difficult  to  achieve  in  practice,  and  its 
application  is  limited  to  scenes  having  separately  de¬ 
lineated  subjects  and  backgrounds.  But  in  the  long 
run  it  may  prove  to  be  a  practical  method  of  enhanc¬ 
ing  the  detail  of  television  images. 

►  BROAD  .  .  .  Progress  in  the  design  of  broadband 
amplifiers  for  television,  radar  and  pulse  communi¬ 
cation  is  so  rapid  that,  for  a  change,  the  engineers 
are  ahead  of  the  demand.  When  electronic  television 
came  along  in  the  early  thirties,  the  tubes  of  the  day 
permitted  amplifying  a  band  no  wider  than  a  few 
megacycles.  Then  came  radar;  in  1945  it  was  news 
that  an  amplifier  having  a  bandwidth  of  20  mega¬ 
cycles  had  been  achieved.  Now  comes  a  new  tech¬ 
nique,  called  “distributed  amplification’’  or  “wave 
amplification’’.  Several  tubes  are  used  in  each  stage, 
the  capacitance  of  each  tube  being  isolated  in  a 
separate  section  of  a  filter.  In  this  way  the  output 
currents  of  the  tubes  are  added  while  their  capaci¬ 
tances  are  separated,  and  a  wholly  new  order  of 
bandwidth  becomes  possible.  In  one  such  amplifier, 
a  bandwidth  of  200  me.  with  9-db  gain,  is  achieved 
in  an  amplifier  using  seven  6AK5  tubes  in  a  single 
stage.  Further  progress  must,  in  all  likelihood,  wait 
until  someone  finds  a  use  for  what  is  now  available. 

It  is  indeed  encouraging  when  the  techniques  thus 
outstrip  the  applications.  It  gives  the  system  engi¬ 
neers  something  to  think  about:  a  200-mc  amplifier 
can  transmit  at  one  crack  all  the  signals  in  the  pre¬ 
war  frequency  spectrum,  all  point-to-point,  marine, 
mobile  services,  all  standard  broadcast,  f-m,  fac¬ 
simile,  all  television,  navigation,  and  amateur  sig¬ 
nals.  Looked  at  another  way,  a  200-mc  bandwidth 
can  transmit  messages  at  the  rate  of  over  a  billion 
words  per  hour,  or  a  ten  word  telegram  once  a  day 
to  every  man,  woman  and  child  on  earth.  The  ampli¬ 
fier  exists.  Any  takers? 
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Here  is  on  article  that  is  definitely  not  technical.  ELECTRONICS, 
a  technical  magazine,  is  nevertheless  proud  to  present  it. 

The  subject  is  important  to  everyone  in  every  manufacturing  indus¬ 
try.  In  a  new  and  fast-changing  industry  like  electronics,  a  continuing 
supply  of  new  products  is  particularly  essential.  Here,  however,  as  in 
so  many  other  fields,  the  lifeline  of  idea-flow  from  research  through 
production  is  being  throttled  at  dozens  of  points. 

The  author  tells  what  you  can  do  about  it  in  your  own  plant. 

—THE  EDITORS 


Selling  Research  Ideas 


An  idea  born  of  research  is  useless  unless  pushed  and  passed  on  by  those  who  come 
after,  right  through  production  of  the  resulting  new  or  better  product.  Idea  promotion 
requires  convincing  facts,  good  research  reports,  working  models,  repeated  follow-ups 

and  frequent  research-design-sales  meetings 


By  WALDO  H.  KLIEVER 

Director  of  Research 
Minneapolia-Honeywell  Regulator  Co. 
Minneapolis,  Minn. 


asylum.  After  failing  sadly  to  get  difficult  things  in  the  world  to  sell 
results,  he  said  in  desperation  to  is  an  idea. 

the  operator,  “Do  you  know  who  I  And  so  we  come  face  to  face  with 
am?”  and  she  sweetly  replied,  “No,  the  sales  problem  in  research.  Some 
but  I  know  where  you  are.”  people  say  this  should  be  the  fund- 

Something  had  to  be  done.  In  tion  of  top  management.  For  this 
talking  with  others  and  doing  con-  reason  those  who  direct  research 
siderable  reading  on  the  subject,  are  often  included  in  top  manage- 
it  became  obvious  that  the  problem  ment  or  in  meetings  with  manage- 
was  not  unique  with  me.  One  man’  ment  when  decisions  about  new 
confirms  this  as  follows;  “The  re-  products  are  made.  However,  the 
search  director’s  job,  therefore,  is  director  of  research,  the  vice-presi- 
not  done  when  the  product  has  been  dent  in  charge  of  engineering,  or 
invented,'  designed,  and  proven  in  someone  in  a  similar  position  who 
theory.  He  has  to  sell  it,  just  as  is  very  close  to  the  research  work 

much  as  if  he  were  a  private  must  still  present  the  new  ideas  in 

inventor.”  such  a  way  that  they  will  appear 

sufficiently  attractive  financially 
,  The  Basic  Problem  otherwise  to  promote  the  neces- 

It  is  here  that  we  bump  into  the  sary  interest.  He  must  close  the 
thing  called  human  nature.  People  gap  between  the  technical  facts  and 
are  inclined  to  be  interested  in  their  business  significance, 

their  own  ideas ;  accepting  someone  The  fact  that  any  management 
else’s  ideas  requires  considerable  maintains  a  research  organization 
effort,  and  there  is  also  perhaps  a  is  evidence  that  it  is  interested  in 

little  strain  on  individual  pride,  new  ideas,  but  it  is  the  right  and 

They  have  inertia;  they  don’t  want  duty  of  management  to  question 
to  be  bothered.  Whether  it  is  for 
these  or  other  reasons,  it  is  gener¬ 
ally  conceded  that  one  of  the  most 


There  are  those  who  would  say 
that  after  research  people  have 
done  their  work  it  is  up  to  manage¬ 
ment  or  someone  else  to  see  that  its 
results  are  used.  That  would  be 
lovely  if  it  would  work.  I  well 
remember  thinking,  when  starting 
out  in  the  business  of  research,  that 
when  something  good  was  devel¬ 
oped  there  would  be  no  doubt  about 
anyone  being  interested  in  it.  How 
innocent ! 

After  working  on  a  number  of 
problems  I  found  that  while  I  could 
develop  what  appeared  to  be  good 
workable  devices  to  satisfy  the 
problems  that  had  been  assigned  to 
me,  everything  seemed  to  end  at 
that  point.  I  would  show  the  work¬ 
ing  models  and  everyone  would  say 
“How  nice”  or  “That’s  wonderful,” 
but  that  was  all. 

Even  the  people  who  had  asked 
for  the  developments  had  in  the  in¬ 
terim  become  interested  in  other 
things  and  were  not  inclined  to  do 
anything  about  it. 

There  I  was  as  helpless  as  the 
distinguished  visitor  trying  to 
make  a  phone  call  from  the  insane 


This  paper  was  presented  at  the  1948 
National  Electronics  Conference  in  Chi¬ 
cago. 
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Regular  idea-eToluation  meeting!  are  one  requirement  for 
occeptance  of  good  new  ideoi.  In  this  typical  Minneopolis- 
Honeywel!  research  department  meeting  ore.  left  to  right:  Glen 
Seidel,  administratiTe  engineer;  Raymond  O.  Anderson, 


coordinator  of  research;  Waldo  H.  Klierer.  director  of  research; 
John  E.  Haines,  rice-president;  John  W.  Magoffin,  market 
research  department;  George  Muschamp,  rice-president  in 
charge  of  engineering  of  Brown  Instrument  Dirision 


these  ideas  and  to  require  proof 
that  they  are  economically  sound. 

In  looking  for  solutions  to  this 
research-sales  problem,  one  must 
go  all  the  way  back  to  the  origin  of 
the  ideas.  An  idea  originally  sug¬ 
gested  by  those  who  will  have  to 
carry  on  with  its  future — an  idea 
that  fills  a  real  need  that  is  appre¬ 
ciated  by  everyone — will  be  ac¬ 
cepted  much  more  readily  than  an 
idea  which  enters  a  completely  new 
field  or  replaces  devices  that  have 
not  been  a  source  of  extensive 
troubles. 

New  ideas  may  come  from  the 
customer,  the  sales  department, 
management,  the  design  engineer¬ 
ing  department,  the  research  de¬ 
partment,  as  by-products  of  work 
on  other  problems  in  research,  and 
from  inventors  outside  of  the  engi¬ 
neering  and  research  departments. 

It  is  helpful  later,  when  the  re¬ 
sults  of  a  project  are  considered  for 
production,  if  those  concewied  with 
passing  on  it  at  that  time  are  in 
at  the  early  stages,  provided  not  too 
much  is  promised  at  that  time. 
However,  the  research  department 


should  have  the  right  to  carry  on 
some  investigations,  especially 
those  of  a  preliminary  survey  na¬ 
ture,  without  requiring  extensive 
outside  approval.  Then,  as  the  idea 
progresses,  it  should  be  reviewed 
more  carefully  in  the  light  of  tech¬ 
nical  feasibility,  cost  and  market¬ 
ability.  Ideas  that  prove  unpromis¬ 
ing  should  be  eliminated  as  early  as 
a  reliable  decision  can  be  made. 

The  complete  path  of  a  good  idea 
may  be  as  follows:  (1)  Basic  re¬ 
search;  (2)  applied  research  or  de¬ 
velopment;  (3)  design  engineer¬ 
ing;  (4)  engineering  test;  (5) 
methods  engineering;  (6)  produc¬ 
tion  ;  (7)  sales.  That  is  a  long  and 
devious  route  involving  many  dif¬ 
ferent  people,  and  it  is  not  surpris¬ 
ing  that  it  involves  transfer  prob¬ 
lems. 

Attitudes  to  be  Recognized 

Even  the  basic  attitudes  of  vari¬ 
ous  groups  toward  problems  will 
differ.  For  example,  in  basic  re- 
searclj  the  objective  is  information, 
while  in  applied  research  the  objec¬ 
tive  is  new  products.  Companies 


differ  widely  in  the  amount  of  basic 
research  they  do.  Ideas  often  orig¬ 
inate  from  basic  research  done  in 
other  organizations,  including  uni¬ 
versities.  Many  companies  sponsor 
basic  research  in  universities  or 
research  foundations. 

Basic  research  is  very  important, 
but  this  present  study  will  be  more 
concerned  with  selling  the  products 
of  applied  research.  Applied  re¬ 
search  has  been  described*  as  fol¬ 
lows:  “The  pursuit  of  a  planned 
program  toward  a  definite  practical 
objective — a  preconceived  end-re¬ 
sult.  It  takes  the  results  of  funda- 
mental  or  exploratory  research  and 
tries  to  apply  them  to  a  specific  pro¬ 
cess,  material,  or  device.” 

In  the  design  engineering  group 
the  objective  is  still  new  products, 
but  with  more  thought  to  how  the 
new  product  can  be  manufactured 
and  made  to  work  reliably  under 
field  conditions.  The  research  man 
is  an  optimist  who  takes  ideas  that 
everyone  says  are  impossible  of 
execution  and  shows  how  they  can 
be  made  to  work.  The  design  engi¬ 
neer  is  a  pessimist  who  takes  ideas 
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ReMorch  reports  should  be  attractiee  and  styled  for  easy  reading.  This  means  double¬ 
spaced  typing,  liberal  use  of  subheads  and  a  coneenient  table  oi  contents  as  in  this 
annual  report.  Note  use  of  speciol  printed  stotionery  and  spiral  binding 


Requirements  for  Selling 

When  the  director  of  research 
has  selected  an  item  to  be  consid¬ 
ered  for  production  he  faces  the 
two-fold  problem  of  convincing 
management  and  sales  that  the  new 
product  should  be  manufactured 
and  informing  and  convincing  the 
production  design  engineering 
people  that  the  work  done  in  re¬ 
search  is  a  good  basis  for  the  de¬ 
sign  of  a  product. 

In  the  sale  of  research  products, 
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as  with  other  sales  work,  rcenain 
aids  are  essential : 

(1)  Basic  facts.  This  is  the  most 
important  requirement  on  the  list. 
It  includes  not  only  information 
about  what  the  device  is  and  what 
it  can  do»  including  test  results,  but 
in  the  final  form  will  also  have  to 
include  a  market  analysis,  along 
with  cost  estimates  for  manufac¬ 
ture  and  for  design  and  tooling. 
The  research  department  may  or 
may  not  be  responsible  for  the 
latter,  but  must  certainly  be  in¬ 
terested  to  see  that  such  informa¬ 
tion  is  available. 

(2)  Research  reports.  These 
should  include  illustrations,  dia¬ 
grams  and  complete  well-organized 
information  and  technical  data. 
Reports  are  also  a  useful  adjunct 
to  laboratory  records,  especially  in 
connection  with  projects  not  con¬ 
templated  for  immediate  produc¬ 
tion,  and  they  help  to  clarify  the 
thinking  of  the  research  people  who 
write  them.  It  is  worth  while  to 
make  these  reports  attractive  and 
styled  for  easy  reading.  We  have 
a  business  manager  in  the  research 
department  who  makes  it  his  busi¬ 
ness  to  see  that  the  reports  are 
written  and  are  complete  and  com¬ 
prehensible. 

(3)  Models.  We  strongly  believe 
in  making  up  working  models  be¬ 
cause  they  help  to  convince  skepti¬ 
cal  people,  especially  the  design 
engineers,  that  something  usable  is 
being  presented,  and  make  the  idea 
more  interesting  and  understand¬ 
able.  Models  also  help  the  research 
people,  in  that  they  give  the  con¬ 
crete  objective  of  producing  a 
working  model. 

(4)  Meetings.  Most  people  are 
overburdened  these  days  with  con¬ 
ferences  and  meetings,  but  there 
still  is  a  useful  place  for  them.  We 
believe  that  in  getting  together  the 
interested  parties  and  discussing  a 
new  product  when  it  leaves  re¬ 
search  much  can  be  gained.  Many 
questions  will  be  answered  and  mu¬ 
tual  interest  stimulated.  The  meet¬ 
ing  may  also  point  up  channels  for 
further  research  which  are  re¬ 
quired  or  worthwhile. 

(5)  Field  applications.'  The  re¬ 
search  department  will  usually  be 
called  upon  to  try  out  the  idea  on 
various  problems  in  the  field.  Some 
of  this  type  of  work  is  good  for  the 


education  of  research  people,  for 
better  knowledge  of  the  product 
and  for  promoting  confidence  in  the 
research  work.  In  general,  much 
of  this  application  work  in  research 
should  be  avoided  because  it  can 
easily  grow  to  demand  a  consider¬ 
able  part  of  research  time.  .Besides, 
it  provides  a  good  means  of  ac¬ 
quainting  the  production  design 
engineering  department  with  the 
problem  if  the  application  work  can 
be  done  there! 

One  thought  which  must  perme¬ 
ate  all  of  the  above  sales  methods 
is  “Be  specific”.  If  possible,  do  not 
propose  three  ways  for  solving  a 
problem  and  leave  it  to  someone 
else  to  make  the  choice.,  The  re¬ 
search  department  can*  generally  in¬ 
form  themselves  sufficiently  well  to 
be  in  the  best  position  for  recom¬ 
mending  a  definite  solution.  If 
research  has  not  progressed  to  this 
point,  it  is  better  to  study  the  mat¬ 
ter  further  before  making  the  sales 
presentation.  This  principle  is 
probably  not  much  different  here 
than  it  is  in  any  sales  work. 

Follow-Up 

Having  presented  a  new  idea  and 
obtained  approval  for  production 
design,  along  with  w’ork  priority 
assignments  by  the  sales  depart¬ 
ment  and  the  design  department 
where  necessary,  one  could  easily 
feel  that  now  the  research  depart¬ 
ment  can  forget  the  matter.  Such 
is  far  from  being  true.  In  most 
cases  the  matter  would  die  quickly 
if  so  neglected,  or  in  any  case  would 
take  routes  which  have  been  shown 
in  research  to  be  blind  alleys. 


Nobody  Likes  a  Change 

"The  greatest  durability  contest  in 
the  world  is  getting  o  new  idea  into 
any  factory.  It  is  well  if  the  manage¬ 
ment  understands  this  and  will  con¬ 
stitute  itself  the  soles  department  for 
the  research  organization.  Otherwise, 
the  hard-boiled  men  in  the  factory  will 
put  research  men  out  of  business  in  a 
fortnight. 

"When  we  present  a  new  idea  to 
people,  their  first  instinctive  reaction 
is  against  it.  Nobody  likes  a  change. 
That  is  the  one  great  thing  you  must 
understand  in  the  psychology  of  re¬ 
search." — Charles  F.  Kettering 


It  is  never  possible  to  put  all 
the  information  learned  in  research 
on  paper.  Experience  has  shown  that 
a  close  collaboration  and  follow¬ 
up  is  needed  for  a  long  time  after 
the  transfer  of  an  item  from  re¬ 
search  to  design.  However,  during 
this  period  the  research  depart¬ 
ment  will  have  to  be  tolerant  of 
changes  in  the  ideas  and  in  the 
device.  Designers  are  creative 
workers  also  and  will  contribute 
ideas  of  their  own.  If  this  is  not 
permitted,  life  becomes  uninterest¬ 
ing  and  unpleasant  for  them  and 
you  wouldn’t  want  that  to  happen. 
Unless  research  people  have  good 
reasons  to  argue  with  designers 
that  one  of  the  design  proposals 
will  lead  to  trouble,  such  modifica¬ 
tions  should  be  allowed.  In  general, 
the  changes  will  be  for  the  better. 
Incorporating  many  people’s  ideas 
into  a  product  seems  to  lead  to-  the 
best  end  result. 

This  brings  us  to  some  general 
considerations  in  the  relationship 
of  research  with  other  departments 
in  the  company.  The  marketing  of 
product  ideas  becomes  much  easier 
if  the  research  department  is  well 
acquainted  with  the  problems  of 
salesmen,  the  problems  of  design¬ 
ers,  the  problems  of  field  sales 
people  and  the  problems  of  manage¬ 
ment.  This  might  be  called 
personnel  relations  work  by  re¬ 
search.  It  involves  a  helpful  atti¬ 
tude  toward  other  people’s  prob¬ 
lems,  rather  than  competition  with 
these  people.  It  involves  instilling 
in  contacts  with  others  a  feeling  of 
confidence,  rather  than  a  spirit  of 
jealousy  or  excessive  pride. 

If  these  interdepartmental  con¬ 
tacts  are  properly  handled,  the  re¬ 
search  department  and  the  director 
of  research  will  find  that  others  in 
the  company  are  regularly  coming 
to  them  with  problems.  Such  con¬ 
tact  is  not  only  a  helpful  condition 
in  guiding  research  work,  but  the 
spirit  of  it  is  a  necessity  for  bring¬ 
ing  research  to  that  successful  goal 
which  includes  actual  products 

going  out  to  benefit  humanity. 
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TELEVISION 
STATION  COSTS 


Plans  are  suggested  for  a  small  station  to  which  additional  plant  and  facilities  can  he  added 
•in  normal  process  of  growth.  Building  costs  are  estimated  and  figures  are  given  for 
equipment,  beginning  with  bare  essentials.  Details  show  how  to  realize  a  maximum 

return  for  the  investment 


By  WILLIAM  FOSS - - 

.  CqnauMng  Engineer, 

Washington,  D.  C. 
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The  installation  and  operation  air  for  sums  so  ridiculously  low  as  successfully,  are  affiliated  with  na- 

of  a  well-equipped  television  to  seem  unbelievable.  The  writer  tional  networks,  and  have  in  many 

station  today  runs  into  astronom-  actually  constructed  several  such  instances  brought  returns  to  their 

ical  figures  when  compared  with  the  stations  at  costs  under  $10,000,  this  owners  in  sums  of  seven  figures, 

cost  of  construction  and  operation  expenditure  being  the  maximum  The  television  story  is  entirely 
of  standard  broadcasting  stations,  sum  that  the  owners  invested,  different.  Construction  costs  can 

In  the  early  twenties  there  were  These  same  stations  and  many  not  be  met  for  less  than  $100,000 

many  stations  actually  put  on  the  others  like  them  are  now  operating  and  this  sum  represents  a  station 

such  as  a  small  town  community 
could  support.  This  size  station, 
would  be  limited  by  its  incomplete 
equipment  to  very  few  hours  of 
service  per  week  and  would  prob¬ 
ably  have  no  studio.  It  would  de¬ 
pend  on  mobile  pickup  equipment  to 
televise  sports  and  civic  events, 
with  possible  additional  programs 
from  networks  that  are  now  fast 
growing,  and  from  the  projection  of 
films. 

In  the  design  of  suitable  studio 
and  projection  facilities  for  tele¬ 
vision  stations  we  face  problems  far 
more  complicated  and  considerably 
more  costly  than  those  at  standard 
broadcast  stations.  It  is  not  un¬ 
usual  for  a  broadcast  station  to  be 
able  to  find  any  number  of  buildings 
in  average  cities  that  can  be  made 
to  accommodate  the  working  force 
and  supply  studio  space  without  the 
removal  of  a  single  partition.  In 
television  broadcasting,  however,  it 
is  usually  necessary  either  to  build 
a  new  structure  from  the  ground  up 
or  to  perform  a  major  operation  in 


Table  I — Initial  Studio  Equipment  Costs 


Remote  Exiuipment 

.  .  2  Camera  chains  complete  . .  ^ .  $32,750 

1  Standard  pi^up  truck'. . . . : : . .  11 ,000 

:  1  Aiuiliary  power  supply . . . . . 2,000 

Audio  equipment  and  spares !...'. .  4,000 


$49,750 


Studio  lighting  equipment .  3 ,  .500 

3, .500 

Projection  room,  consisting  of  2  film  camera  chaimels  with 
controls  complete,  2 — 16  mm  projectors,  1  slide  projector, 

.and  1  special  picture  projector 

Equipment .  .  29 , 303 

‘  Installation . .  2 , 500 

31,803 

Total . - .  $85,0.53 


Table  II — Costs  Including  Control  Equipment 


Remote  equipment .  $  49 , 750 

l*rojection  room . i  31 , 803 

Studio  lighting . - .  3 , 500 

Control  room — 1  propan i  console,  1  master  monitor,  1  line 
monitor,  synchronizing,  pulse  and  blanking  equipment, 
power  supplies  and  miscellaneous 

Equipment... . .  $32,000 

Installation . . . . . . • . . . .  5,000 

37,000 

Total .  $122,053 


after  indicate  the  importance  of  de¬ 
signing  in  order  to  make  every  pos¬ 
sible  piece  of  equipment  carry  its 
share  of  the  financial  load.  From 
these  tables  it  will  be  noted  that  a 
properly  equipped  pickup  truck  will 
cost  in  excess  of  $49,000.  If,  for 
instance,  a  station  is  able  initially 
to  use  the  equipment  in  the  truck 
both  for  the  televising  of  remote 
events  and  for  live  programs  at  the 
studio  location,  a  considerable  sav¬ 
ing  can  be  made  by  designing  a 
building  so  that  the  truck  can  be 
backed  up  to  the  studio  and  the 
equipment  used  in  the  studio  with 
the  truck  functioning  as  the  control 
room. 

Truck  Studio  Control 

Figure  1  shows  such  a  plan.  This 
plan  represents  a  building  so  ar¬ 
ranged  that  the  shop  on  the  first 
floor  (A)  can  be  used  as  a  garage 
for  the  truck,  in  addition  to  func¬ 
tioning  as  a  scene  dock  for  props 
and  scenery  and  a  repair  shop  for 
general  repair  and  maintenance 
work.  It  will  also  accommodate  the 
truck  when  used  as  a  control  room, 
the  truck  being  backed  up  to  a  large 
window  in  the  studio  when  so  used. 
The  minimum  investment  neces¬ 
sary  to  give  continuous  service  will 
be  that  necessary  to  equip  a  truck 
for  handling  remote  programs  and 
for  equipping  a  projection  room 
where  films,  slides,  and  other  pic¬ 
tures  can  be  televised. 

The  investment  just  mentioned 


Compute  500-watt  teleTislon  transmitter  and  control  console 


ished  plans  of  studios  or  the  exact 
costs  to  be  met.  It  is,  rather,  the 
intention  of  the  writer  to  present 
such  plans  and  costs  in  general 
that  will  stimulate  in  the  mind  of 
the  reader  ideas  necessary  to  de¬ 
velop  concrete  plans  that  fit  each 
individual  case. 

Tables  of  costs  for  equipment 
alone  which  will  be  supplied  here- 


the  remodeling  of  an  existing  build¬ 
ing  at  a  cost  which  is  comparatively 
high. 


High  Ceiling  Necessary 

The  reason  that  remodeling  a 
building  for  studio  facilities  is  usu¬ 
ally  necessary  lies  in  the  fact  that 
the  ceiling  must  be  high  enough  to 
provide  room  for  a  special  lighting 
system  which,  of  course,  is  not 
necessary  in  standard  broadcast 
work.  Since  a  television  station 
consists  of  two  complete  and 
separate  transmitters,  namely,  one 
for  the  transmission  of  the  picture 
(the  so-called  video  plant)  and  the 
other  a  conventional  f-m  plant,  it  is 
also  necessary  to  treat  the  studio  to 
obtain  the  proper  acoustic  effects. 

The  trend  at  present  seems  ta 
indicate  that  television  studios  will 
not  be  built  to  accommodate  large 
crowds  of  spectators  since  the 
emphasis  is  on  the  pictures  being 
transmitted  and  these  can  be  seen  on 
adequate  monitors  or  on  outside 
television  receivers.  The  arrange¬ 
ment  is  advantageous  from  the 
financial  standpoint  because  it  elim¬ 
inates  the  necessity  of  supplying  a 
finished  show  place  to  the  public. 
This  article  will  not  attempt  to  sup¬ 
ply  in  accurate  detail  either  the  fin- 


Typical  night  baseball  pickup.  Note  that  remote  cameras  are  semi-permanently 

mounted  on  parapet 
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Table  III — Equipment  Costs  with  Studio  and  Control 


permitting  the  use  of  the  remote 
equipment  purely  for  pickup. 

The  main  drawback  with  the  first 
plan  above  described  lies  in  the  fact 
that  when  the  station  first  goes  into 
operation,  the  mobile  equipment  is 
tied  up  whenever  a  live  program 
from  the  studio  is  necessary.  A 
further  drawback  becomes  immedi¬ 
ately  evident  when  the  first  studio 
is  equipped.  While  the  building  of 
control  equipment  into  the  studio 
does  free  the  mobile  equipment  to 
does  not  include  the  transmitter,  grid  not  larger  than  seven  feet,  pick  up  programs  for  which  it  was 

antenna,  and  their  associated  ap-  Table  III  indicates  equipment  primarily  designed,  station  oper- 
paratus  nor  does  it  include  a  master  costs  for  the  plan  shown  in  Fig.  1  ators  are  still  faced  with  a  further 

control  room  where  the  dispatching,  when  the  studio  is  so  equipped  as  serious  drawback.  This  lies  in  the 

distribution,  and  main  control  of  to  operate  from  the  control  room,  fact  that  adjacent  or  contiguous  live 

the  program  can  be  centralized. 

The  transmitters  and  antennas  will 
be  discussed  later.  In  lieu  of  this 
control  room,  simple  switching  de¬ 
vices  tnay  be  designed  and  operated 
at  the  transmitter  location,  or  they  * 
may  be  installed  at  the  projection 
room  location. 

Table  I  indicates  the  equipment 
costs  for  the  plan  shown  in  Fig.  1, 
showing  the  projection  room  and 
truck  but  not  including  the  control 
room  and  not  including  the  trans¬ 
mitter  and  its  related  equipment. 

Figure  IB  shows  the  second  floor 
plan  of  the  same  building.  The 
film  projection  room  is  so  designed 
that  when  the  studio  is  to  be 
equipped  with  its  own  apparatus  a 
control  room  then  can  be  built  in.  In 
case  the  whole  operation  is  a  con¬ 
solidated  one,  the  transmitter  may 
also  be  installed  in  this  presently 
available  space. 

Table  II  also  indicates  equipment 
costs  for  the  plan  shown  in  Fig.  1. 

In  this  instance  the  control  room  is 
equipped  to  dispatch  and  coordinate 
the  operation  of  the  remote  equip¬ 
ment,  the  projection  room,  and  net¬ 
work  terminal  facilities.  However, 
the  cost  of  equipping  the  studio  is 
not  shown  in  this  table.  Studio 
lighting  will  be  necessary  provided 
a  room  such  as  shown  in  Fig.  1  is 
used  in  conjunction  with  the  equip¬ 
ment  from  a  truck.  A  rough  esti¬ 
mate  of  lighting  costs  may  be  ob¬ 
tained  by  using  the  cost  figures 
$4.00  to  $4.50  per  square  foot  of 
studio  floor  space.  A  pipe-work 
grid  should  be  installed  on  the 
ceiling  for  the  purpose  of  hanging 
the  overhead  fixtures.  This  grid 
should  be  made  up  in  squares,  each 


Remote  equipment . 

Projection  room . . . 

Control  room . 

Studio 

Video  and  audio  equipment 

Lighting... . 

Treatment . 

Installation . 


Total 


upper  part 

OP  SHOP 


UPPER  PART 
OF  STUDIO 


CLIENTS 


FILM 

STORAGE 


MEN^ 

DRESSING 


WOMEN 


SROP  AND  MOBILE 
EQUIPMENT 


WOMEN’S 

DRESSING 


STORAGE  AND 
ELECTRONICS 


STORAGE 


LOBBY 


FIG.  1 — First  (A)  and  second  floor  plans  (B)  lor  initial  construction  of  a  small  station 
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programs  cannot  be  put  on  from  the 
studio  and  it  will  therefore  be 
necessary  either  to  broadcast  pro¬ 
grams  from  the  projection  room  or 
from  the  mobile  equipment  while 
studio  scenery  is  being  changed.  If 
the  studio  is  large  enough  to  accom¬ 
modate  more  than  one  scene  at  a 
time,  the  scene  may  be  set  up  before 
the  series  of  broadcasts  starts  and 
the  cameras  and  associated  appara¬ 
tus  may  be  moved  to  pick  up  each 
scene  in  succession.  However,  no 
scenes  can  be  changed  while  the 
studio  is  on  the  air  because  of  the 
noise  caused  in  making  such 
changes. 

Figure  2A  shows  a  first  floor  plan 


for  the  expansion  of  the  same  build¬ 
ing  to  accommodate  two  studios  and 
Fig.  2B  shows  the  second  floor  plan 
of  this  enlarged  building.  In  this 
plan  two  completely  equipped  stud¬ 
ios  with  a  master  control  have  been 
provided  in  addition  to  the  projec¬ 
tion  room  which  is  necessary  for  the 
station  operation  from  the  start. 
In  addition,  the  shop  has  been  in¬ 
creased  in  size  to  accommodate 
props  and  scenery  to  be  used  in  the 
two  studios.  The  turntable  shown 
installed  in  Studio  A  will  be  dis¬ 
cussed  separately. 

Table  IV  indicates^  equipment 
costs  for  the  plan  shown  in  Fig.  2. 

Referring  to  the  total  cost  as 


shown  in  Table  III,  it  is  seen  that 
the  cost  of  equipping  a  second 
studio  will  be  an  additional  $45,395 
or  a  total  of  $209,343.  This  addi¬ 
tional  investment  will  furnish  a 
second  studio  and  give  the  station 
the  necessary  flexibility  which  will 


Tcdsle  IV — Equipment  Costs  ior 
Plcm  in  Fig.  2 


Remote  equipment .  .  . 

..  $49,750 

Projection  room . 

31,803 

Control  room . 

37,000 

Studio  A . 

45,395 

Studio  B . 

45,395 

Total . 

..  $209,343 

-  i.-' 


Table  V — Transmitting  Station  Costs 


finally  be  needed  to  carry  on  con¬ 
tinuous  live  programs. 

The  turntable  mentioned  above 
and  indicated  in  Fig.  2  is  important 
to  this  discussion  for  two  reasons, 
— first,  to  create  a  substantial  sav¬ 
ing  when  one  studio  alone  is  used; 
and  second,  to  add  additional  flexi¬ 
bility  resulting  in  increased  facility 
in  the  station  operation. 

The  cost  of  such  a  table  when 
electrically  driven  varies  from  ap¬ 
proximately  $8,000  for  a  table  25 
feet  in  diameter  to  approximately 
$11,000  for  a  40-foot  table.  The 
wings  or  partitions  segregating  the 
table  into  three  parts  may  be  swung 
to  vary  the  size  of  the  settings  or 
may  be ,  completely  removed  from 
the  table  when  a  rotating  set  is  de¬ 
sired.  The  table  is  planned  to  be 
mounted  flush  with  the  floor  of  the 
studio  and  so  designed  that  it  can  be 
loaded  unevenly  with  a  maximum 
loading  of  about  50  pounds  per 
square  foot. 

This  plan  calls  for  a  shop  and 
scene  dock  behind  the  studio  in 
which  the  main  body  of  the  table  is 
located  so  that  work  can  be  done  on 
the  sets  on  the  shop  side  of  the  table 
while  televising  is  proceeding  in  the 
studio.  If  the  table  is  to  be  in¬ 
stalled  in  the  studio  before  the 
second  studio  is  built,  a  certain 
amount  of  flexibility  can  be  ex¬ 
pected  with  a  construction  saving 
of  from  $30,000  to  $40,000,  depend¬ 
ing  upon  the  size  of  the  table. 

Most  manufacturers  currently 
design  and  construct  transmitters 
of  only  two  sizes,  namely  the  500-w 


5,000-W  Transmitter 
Channels  Channels 
2-6  7-13 

82,165  88,200 

8,045  9,288 

1,980  2,000 

675  675 

650  6.'^0 

900  900 

365  365 

20  20 

390  390 


500-W  Transmitter 
Channels  Channels 
2-6  7-13 

26,500  34,000 

3,000  4,000 

1,600  2,000 

675  675 

650  650 

900  900 

365  365 


Transmitter 

Spare  tubes  and  parts  — 

Aural  monitor . 

Visual  frequency  monitor 

Picture  demodulator . 

Waveform  demodulator . . 

Power  supply . 

Adapter  kits . . . . ; . 

Rack  cabinet . 


Antenna . 

Tower,  100  ft. . . 

Transmission  line,  2 


Transmitter  house . 
Tower  lighting .... 

Labor . 

Total . . . 

Contingencies  10% 
Grand  total . . . 


Table  VI — Test  Equipment  List  and  Costs 


Remote 

$195.00 


Ekjuipment 

5-in.  oscilloscope . 

3-in.  oscilloscope . 

Square-wave  generator . 

Capacitance — resistance  bridge  — 

H-v  multiplier . 

Audio  osculator . 

Distortion  and  noise  analyzer .... 

Video  sweep  generator . 

Wavemeter . 

V-t  voltmeter . 

Tube  tester . . . 

5-in.  oscilloscope  (Tektronix  type) 
Total . 


Studio 

$195.00 

550.00 

225.00 

59.50 

39.50 
18.75 

500.00 

575.00 

1,000.00 


Transmitter 

$195.00 

550.00 

225.00 

59.50 

39.50 
18.75 

500.00 

575.00 


or  so-called  community  transmitter  radiation  system  a  more  favorable 
and  the  5-kw  or  metropolitan  type,  location  for  the  purposes  of  propa- 
The  transmitter  may  be  installed  gating  the  wave, 
either  at  the  site  of  the  studios  or  at  Since  television  channels  are  lo- 
a  remote  location  which  affords  the  cated  in  the  very-high-frequency 

band,  the  radiated  signal  is  subject 
to  shadowing  by  obstacles  between 
transmitter  and  receiver.  It  is  usu- 
ally  necessary,  therefore,  to  take 
into  consideration  the  possibility  of 
•  shadows  and  reflections  when  select- 

■JplDClgHC - ing  a  site  for  the  transmitter 

proper.  Simply  stated,  if  you  can 
't  see  it,  you  can  hear  it,  although 
i  ^  service  may  be  rendered  beyond  the 

I  I  line  of  sight  under  some  conditions. 


Transmitter  Costs 

In  Table  V  the  costs  of  the  trans¬ 
mitters  and  associated  equipment 
have  been  set  up.  This  table  is  ap¬ 
proximately  correct  except  that  no 
consideration  for  the  cost  of  land 
has  been  given. 

It  will  be  noted  that  both  types  of 
transmitters  designed  for  channels 


Typical  small-studio  control  room  with  audio  controls  at  left,  video  at  right, 
program  director  sits  at  the  desk 
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Mobile  field  unit  that  can  double  oa  initial  control  room  for  the  email  station, 
camera  and  7.000-mc  relay  equipment  are  mounted  on  the  roof 


2  to  6  are  less  expensive  than  those  of  $10,000  for  each  complete  link, 
designed  for  channels  7  to  13,  Since  consisting  of  a  transmitter  at  the 
the  band  including  channels  2  and  originating  point  and  a  receiver  at 
6  represents  frequencies  from  54  to  the  incoming  terminal,  has  been 
88  me  and  the  band  including  chan-  used, 
nels  7  to  13  includes  frequencies 

from  174  to  216  me  it  is  evident  that  Testing  Equipment 

tube  design  as  well  as  transmitter  A  certain  amount  of  test  equip- 
design  and  construction  is  more  ex-  ment  with  every  television  installa- 

pensive  at  the  higher  frequencies.  tion  is  an  actual  must.  Operating 

crews  cannot  be  expected  to  main¬ 
tain  the  apparatus  nor  can  they  do 
the  necessary  trouble  shooting 
without  an  adequate  complement  of 
this  equipment.  As  stated  above, 
the  transmitter  is  often  located  at 
a  different  site  from  the  studio  and 
the  remote  equipment  needs  main¬ 
tenance  and  repairs  when  in  the 
operating  location.  Table  VI  lists 
equipment  of  this  type. 

The  foregoing  indicates  the 
approximate  equipment  costs  that 
a  prospective  television  station 
builder  may  expect  to  meet  but  does 
not  include  the  price  of  real  prop¬ 
erty  either  at  the  studio  or  that 
necessary  on  which  to  construct  the 
transmitter.  It  has  been  estimated, 
however,  that  the  cost  of  construct¬ 
ing  a  building  such  as  that  shown  in 
the  plans  illustrated  above  will  be 
in  the  neighborhood  of  $66,000  for 
the  first  stage  of  construction  and 
an  .additional  $59,000  for  the 
finished  building. 

The  approximate  costs  have  been 


Relay  Links 

Where  the  transmitter  and  studio 
are  situated  at  remote  locations  and 
also  in  cases  where  the  remote 
equipment  is  functioning  at  sites 
away  from  the  studio,  it  is  present 
general  practice  to  connect  these 
units  with  relay  circuits.  Equip¬ 
ment  has  been  developed  and  is 
operating  successfully  on  several 
microwave  channels.  Notable  in 
this  category  are  circuits  on  ap¬ 
proximately  2,000,  4,000,  and  7,000 
me. 

Since  the  equipment  constructed 
for  the  higher  frequencies  can  be 
manufactured  in  more  compact 
fashion  its  high  degree  of  portabil¬ 
ity  renders  it  best  for  remote  pick¬ 
up  work.  The  7,000-mc  equipment 
is  therefore  most  popular  to  serve 
as  a  truck-to-studio  linlc  while  in 
many  instances  the  lower  frequen¬ 
cies  have  been  used  between  studio 
and  transmitter.  For  the  purposes 
of  this  paper,  an  approximate  price 
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so  tabulated,  however,  that  any 
combination  of  equipments  can  be 
correlated  and  the  resulting  costs 
obtained  from  the  tables.  For  in¬ 
stance,  it  is  evident  that  the  type  of 
station  which  can  be  most  inex¬ 
pensively  constructed  is  one  which 
is  equipped  to  receive  network  pro¬ 
grams  only.  Thus,  by  referring  to 
Table  II,  the  control-room  item 
shows  an  equipment  cost  of  $32,000 
with  an  installation  cost  of  $5,000, 
bringing  the  total  to  $37,000  and 
from  Table  V  a  500-w  transmitter 
operating  on  channels  2,  3,  4,  5,  or  6 
will  cost  approximately  $66,900.  If 
the  transmitter  and  control  room 
are  located  in  the  same  building,  the 
owner  should  then  be  able  to  con¬ 
struct  a  station  for  approximately 
$103,990  and  with  the  additional 
test  equipment  shown  in  Table  VI, 
an  additional  $3,205  will  complete 
the  station. 

If,  however,  the  prospective 
owner  is  considering  a  well-equip¬ 
ped  station  with  two  studios,  pro¬ 
jection  room  and  remote  equipment. 
Table  IV  furnishes  figures  showing 
a  total  cost  of  $209,343.  Table 
V  for  a  5-kw  transmitter  operating 
on  channels  7,  8,  9,  10,  11,  12,  or  13 
shows  a  total  of  $153,767.  Such  a 
station  will  probably  be  so  con¬ 
structed  that  the  transmitter  and 
studios  at  different  locations  and 
the  remote  equipment  will  be  sup¬ 
plied  with  radio  relay  links,  two 
such  circuits  costing  approximately 
$20,000. 

In  addition  to  the  items  stated 
above,  test  equipment  in  the  amount 
of  approximately  $7,500  will  be 
needed,  bringing  the  total  expendi¬ 
ture  for  equipment  installed  to  ap¬ 
proximately  $390,610.  Some  few 
organizations  have  already  gone 
well  beyond  this  amount  in  con¬ 
structing  stations  but  in  this  paper 
it  has  been  the  intention  of  the 
writer  to  point  the  way  for  the  be¬ 
ginning  of  such  an  operation  in  a 
comparatively  modest  way  rather 
than  to  describe  the  more  elaborate 
procedures  of  the  larger  companies. 

The  writer  wishes  to  thank  the 
personnel  of  the  following  organ¬ 
izations  for  their  assistance  in  com¬ 
piling  the  data  herein :  Radio  Corp. 
of  America,  General  Electric  Co. 
Allen  B.  DuMont  Labs.,  Inc.,  Tele¬ 
vision  Associates  and  Lester  V. 
Johnson  Associates. 


R»ar  view  oi  Liebel-Flareheim  model  SW-227  short-wave  diathermy  unit  having 
FCC  type  approval.  Single  tube  minimizes  maintenance  problems.  At  lower 
left  oi  tube  is  plug-in  monitor  unit 


Phantom  view  oi  Wavemaster  monitor  unit 
showing  diiierential  relay  and  coil  oi 
resonant  circuit 


PRIOR  to  the  establishment  of  fre¬ 
quency  allocations  for  short¬ 
wave  diathermy  units,  frequencies 
anywhere  in  the  range  from  about 
10  to  60  me  were  used  by  various 
manufacturers,  depending  on  the 
type  of  applicator  furnished.  Since 
the  therapeutic  benefit  is  due  to 
heat  alone,  all  frequencies  are 
equally  effective  in  the  treatment  of 
tissue. 

To  suppress  wasteful  use  of  the 
frequency  spectrum,  three  bands 
were  assigned  by  the  FCC  for  medi¬ 
cal  apparatus,  in  conformance  with 
those  adopted  by  the  International 
Radiocommunications  Conference, 
as  follows: 

Band  Center  Tolerance 

Freq. 

13.5532-13.5667  me  13.56  me  6.75  ke 
26.9573-27.2827  me  27.12  me  162.7  ke 
40.6597-40.7003  me  40.68  me  20.3  ke 

Although  there  is  no  limit  to  the 
amount  of  radiation  permitted 
within  these  bands,  harmonic  radia¬ 
tion  must  not  exceed  25  microvolts 
per  meter  at  1,000  feet. 

The  13.56-mc  band  serves  ade¬ 
quately  for  pads  and  inductive 
applicators,  but  is  generally  unsat¬ 
isfactory  for  air-spaced  plate  appli¬ 
cators  because  the  associated  high 
reactance  requires  excessive  pa¬ 
tient-circuit  voltages.  The  27.12- 


nated  by  building  strong  and  sturdy 
circuit  components  and  fastening 
them  rigidly. 

Changes  due  to  tube  replacement 
can  be  minimized  by  using  a  high 
tank  capacitance  so  that  variations 
in  tube  interelectrode  capacitance 
will  produce  only  small  frequency 
changes.  Here  a  limit  is  quickly 
reached  due  to  the  inefficiency  of 
high-Q  tank  circuits,  hence  under 
the  best  practical  conditions  it  is 
reasonable  to  expect  up  to  a  50-kc 
shift  in  either  direction  due  to  in¬ 
terchange  of  tubes  of  identical 
make.  When  tubes  of  different 
manufacturers  are  interchanged,  at 
least  three  times  this  shift  is  some¬ 
times  experienced. 

Frequency  shifts  due  to  circuit 
heating  can  run  as  high  as  150  kc, 
but  by  proper  design  this  can  be 
limited  to  20  kc. 

Patient-circuit  loading  is  the 
bugaboo  of  all  short-wave  dia¬ 
thermy  design.  Applicator  and 
patient-circuit  impedances  may 
range  from  5  ohms  to  150  ohms  of 
resistance  and  from  -|-y2,000  ohms 
to  — y2,000  ohms  of  reactance.  Vari¬ 
able  coupling  is  therefore  necessary 
to  couple  a  patient  circuit  efficiently 
to  an  oscillator.  A  coupling  for  a 
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me  band  effectively  operates  all 
known  types  of  applicators.  The 
40.68-mc  band  is  usually  unsatis¬ 
factory  for  inductive  applicators 
because  of  excessive  turn-to-turn 
voltages  and  resulting  high  dielec¬ 
tric  loss,  but  is  satisfactory  for 
pads  and  spaced  plates. 

The  wider  frequency  tolerance  of 
the  27.12-mc  band  permits  the  de¬ 
sign  of  simple  self-excited  oscillator 
circuits,'  obviating  the  complica¬ 
tions  and’ maintenance  problems  in¬ 
volved  in  crystal-controlled  circuits. 


Frequency-Shift  Problems 

The  frequency  stability  of  a  self- 
excited  diathermy  oscillator  circuit 
is  affected  by  five  major  factors; 
(1)  mechanical  vibration  or  dis¬ 
placement  of  frequency-determin¬ 
ing  parts  and  components;  (2)  re¬ 
placement  of  tubes;  (3)  replace¬ 
ment  of  parts;  (4)  frequency  drift 
due  to  heating  of  oscillator  circuit 
components;  (5)  frequency  shifts 
due  to  patient-circuit  loading  and 
tuning. 

Mechanical  factors  can  be  elimi¬ 
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of  Diathermy  Units 


Analysis  of  problems  involved  in  building  medical  diathermy  units  that  stay  in  FCC- 
allocated  frequency  band  despite  movements  of  patient  or  replacement  of  tube,  and  design 
of  plug-in  monitor  that  stops  oscillator  and  sounds  a  buzzer  when  frequency  drifts 
beyond  predetermined  acceptable  limits  for  any  reason 


5-ohm  load  will  not  transfer  enough 
power  for  higher-resistance  loads; 
on  the  other  hand,  if  the  coupling  is 
set  for  the  high-resistance  load  and 
a  low-resistance  load  is  connected, 
frequency  shifts  will  occur. 


be  treated  under  normal  conditions. 

The  parallel-tuned  output  circuit, 
controlled  by  the  tuning  capacitor, 
gives  ample  tuning  range  to  reso¬ 
nate  all  types  of  applicators.  Since 
the  main  switch  is  embodied  in  the 
coupling  control,  the  operator  auto¬ 
matically  increases  the  coupling 
control  from  zero  coupling  each 
time  the  unit  is  turned  on.  The 
output  of  the  unit  is  metered  by 
measuring  the  difference  between 
the  plate  and  grid  currents,  to  indi¬ 
cate  true  power  independent  of 
patient-circuit  tuning  for  any  given 
load  condition. 

Frequency  shift  due  to  thermal 
drift  is  controlled  by  a  bimetallic 


temperature  compensator.  The 
thermal  shift  is  held  to  20  kc,  with 
the  greater  portion  of  this  shift  oc¬ 
curring  during  the  first  two 
mimites  of  operation.  The  genera¬ 
tor  operates  well  within  the  FCC 
limits  if  the  initial  frequency  is 
set  correctly  and  the  output  control 
is  not  advanced  to  a  position  which 
grossly  overcouples  the  patient  cir¬ 
cuit  to  the  oscillator.  Incorrect 
operation  is  only  possible  when  the 
output  circuit  is  not  tuned  to  reso¬ 
nance. 

Trimmer  C,  is  used  to  adjust  the 
frequency  of  the  oscillator  over  a 
range  of  z±i  200  kc  from  the  center 
frequency.  This  range  is  adequate 


Example  of  Suitable  Design 

The  short-wave  diathermy  circuit 
in  Fig.  1  was  designed  to  meet  all 
of  the  above  requirements.  It  em¬ 
ploys  a  single  type  UE468  oscillator 
tube  operating  on  27.12  me  with  a 
power  output  of  300  watts.  Use  of 
one  tube  minimizes  circuit  compli¬ 
cations  and  service  factors  by  elim¬ 
inating  such  matters  as  tube  bal¬ 
ance,  excitation  adjustments  and 
balance,  neutralization,  and  im¬ 
proper  lineup  of  driver  or  power 
amplifier  stages. 

The  Q  of  the  tank  circuit  on  full 
load  is  90.  The  maximum  frequency 
shift  due  to  patient-circuit  loading 
is  ±50  kc  (A  /  =  tank  efficiency 
multiplied  by  //4Q).  This  holds 
for  the  condition  of  critical  coup¬ 
ling,  which  just  loads  the  circuit 
to  rated  full  load  with  the  patient 
circuit  tuned  to  resonance. 

The  single-ended  tank  circuit  per¬ 
mits  use  of  a  high  tank  capaci¬ 
tance,  giving  a  high  ratio  of  tank 
capacitance  to  tube  electrode  capaci¬ 
tance.  This  in  turn  tends  to  mini¬ 
mize  frequency  change  with  inter¬ 
change  of  tubes  having  otherwise 
tolerable  interelectrode  capacitance 
variations. 

The  output  of  the  generator  is 
adjusted  primarily  by  the. variable 
coupling  control.  The  maximum 
possible  coupling  is  designed  to  the 
critical  value  corresponding  to  the 
highest  patient-circuit  resistance  to 
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to  compensate  for  frequency  varia¬ 
tions  due  to  change  of  tubes  or 
other  components  and  mechanical 
instability. 


Q  values.  When  the  frequency  dev¬ 
iates  so  that  resonant-circuit  re¬ 
sponse  falls  below  the  control  level 
the  relay  will  become  deenergized. 
Such  a  method  of  control  requires 
that  the  relay  contacts  be  bridged 
by  an  auxiliary  switch  momentarily 
in  order  to  start  oscillations. 

The  lower  solid  curve  in  Fig.  2 
shows  that  a  15-percent  reduction 
in  r-f  excitation  results  in  a  17-per- 
cent  reduction  in  the  pass  band. 
This  weakness  of  the  simple  system 
can  be  overcome  by  the  use  of  a 
differential  relay.  One  winding  is 
connected  to  the  resonant  circuit, 
and  the  other  winding  is  connected 
through  a  rectifier  to  a  voltage  pro¬ 
portional  to  the  high-frequency  ex¬ 
citing  voltage  of  the  resonant  cir¬ 
cuit,  as  in  the  monitor  circuit  of 
Fig.  1.  These  two  windings  are 
connected  so  their  electromagnetic 
fluxes  are  adding  in  the  magnetic 
circuit  operating  the  relay  arma¬ 
ture. 

The  dotted  curves  in  Fig.  2  illus¬ 
trate  the  characteristics  of  such  a 
differential  circuit.  A  15-percent 
reduction  in  excitation  voltage  here 
results  in  only  a  7-percent  change  in 
frequency  band  width  at  the  differ¬ 
ential  relay  control  level. 


Frequency  Monitor 

A  monitor  circuit  insures  that 
the  unit  will  always  operate  within 
the  band.  It  consists  essentially  of 
a  thermally  and  mechanically  stable 
high-Q  resonant  circuit  which  oper¬ 
ates  a  sensitive  relay  through  a 
rectifier  tube.  When  the  circuit  is 
excited  the  relay  completes  the 
cathode  circuit  of  the  oscillator. 

When  the  oscillator  frequency 
deviates  more  than  a  predetermined 
amount  from  27.12  me,  the  voltage 
across  the  monitor  circuit  decreases 
to  the  point  where  the  relay  opens, 
interrupting  the  cathode  circuit  of 
the  oscillator.  At  the  same  time  a 
low-voltage  buzzer  is  energized, 
notifying  the  operator  immediately 
of  the  condition.  The  monitor  cir¬ 
cuit  (covered  in  U.  S.  patent  appli¬ 
cation)  is  set  to  allow  operation  in  a 
band  of rtlOO  kc ;  this  is  well  within 
the  FCC  type  approval  limit  of  70 
percent  of  allocated  channel  width. 

The  uppermost  curve  in  Fig.  2 
illustrates  the  response  of  a  simple 
resonant  circuit  energizing  a  relay 
through  a  rectifier  to  monitor  a 
frequency  band  for  various  values 
of  deviation  from  the  frequency  to 
which  the  circuit  is  tuned,  ex¬ 
pressed  in  effective  resonant-circuit 


Operation  of  Circuit 

When  the  main  power  switch  in 
Fig.  1  is  turned  from  OFF  to  HOLD, 
the  oscillator  tube  and  the  rectifier 


FUNDAMENTAL  =  27. 32  MC 


HARMONIC  FREQUENCY  IN  MC 


FIG.  2 — Solid-line  cuttoi  giro  character- 
Utici  of  eimple  frequency  monitor  circuit, 
while  dotted-line  currei  show  how  effect 
of  reduction  in  r-f  excitation  of  diathermy 
unit  is  minimixed  by  using  differential  con¬ 
trol  in  monitor  cirodt 


FIG.  3 — Intensity  of  radiation  of  short- 
waxe  diothermy  on  rarious  harmonics 
when  center  frequency  is  27.32  me.  Unit 
represented  here  is  well  within  legal  maxi¬ 
mum  of  25  microTolts  per  meter  at  1,000 
feet  « 


in  the  monitor  circuit  warm  up. 
Plate  power  is  not,  however,  applied 
to  the  oscillator  tube.  During  the 
brief  period  that  the  power  switch 
is  turned  from  the  HOLD  position  to 
the  ON  position  an  auxiliary  switch 
momentarily  applies  plate  power  to 
the  oscillator  tube.  Oscillations 
start  immediately,  and  if  the  fre¬ 
quency  is  within  the  operating  band 
the  monitor  differential  relay  con¬ 
tacts  close  and  hold  the  plate  power 
on.  If  the  oscillator  frequency  is 
outside  the  limits,  the  monitor  relay 
will  not  hold  the  plate  power  on  and 
a  buzzer  will  operate. 

Trimmer  C,  is  adjusted  by  de¬ 
termining  the  low  and  high-fre¬ 
quency  limits  of  the  monitor  and 
setting  the  trimmer  at  a  point  mid¬ 
way  between  these  two  limits.  This 
is  normally  done  after  allowing  the 
unit  to  warm  up  for  two  minutes, 
thus  automatically  compensating 
for  the  frequency  shift  due  to 
initial  heating. 

Harmonic  Radiation 

The  reduction  of  harmonic  radia¬ 
tion  of  short-wave  diathermy  ma¬ 
chines  to  limits  prescribed  by  FCC 
allocations  requires  application  of 
standard  methods  of  shielding  and 
filtering.  In  actual  test  it  was  found 
that  a  40-millivolt  185-mc  signal 
applied  to  the  plate  applicators 
would  produce  a  field  intensity 
equal  to  25  microvolts  per  meter*  at 
1,000  feet.  This  illustrates  the  de¬ 
gree  of  suppression  required.  Even 
though  the  actual  signal  voltage  re¬ 
ceived  by  the  field  intensity  meter 
decreases  with  the  higher  harmon¬ 
ics,  the  field  intensity,  as  computed 
by  the  induced  signal  voltage  and 
divided  by  effective  length  of  the 
antenna,  tends  to  stay  high  because 
the  effective  length  of  the  antenna 
decreases  directly  with  wavelength. 

Harmonic  tests  are  conducted 
preferably  on  open  terrain.  Field 
intensity  meter  readings  are  taken 
either  100  or  500  feet  distant  from 
the  diathermy  unit.  The  diathermy 
unit  is  mounted  on  a  rotatable  plat¬ 
form  which  is  turned  360  degrees 
during  a  given  reading.  Maximum 
signals  are  recorded.  The  unit  is 
connected  to  a  gasoline-powered  a-c 
generator  and  is  tested  with  appli¬ 
cators  under  all  conditions.  Figure 
3  shows  typical  results  of  tests  per¬ 
formed  on  production  units. 
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FIG.  1 — Typical  R-C  networks  used  in  tone  control  ior  boosting  and  attenuating  audio  signals.  Tops  on  attenuation  network  proTide  hall 

the  indicated  effect 


Versatile  Tone  Control 


Treble  and  bass  frequencies  are  independently  boosted  or  attenuated  in  steps  to  provide 
121  different  response  curve  combinations  for  reproduction  of  speech  or  music.  Gain  at 
500-cycle  crossover  is  automatically  held  constant  by  switching  in  cathode  followers 


The  tone  control  described 
here  originated  largely  with  a 
desire  to  compensate  for  the  limita¬ 
tions  of  recording  techniques.  With 
it,  treble  frequencies  can  be  boosted 
or  suppressed,  and  bass  frequencies 
can  be  similarly  treated  independ¬ 
ently,  all  in  small  steps. 

The  bass  and  treble  controls  each 
provide  sharp  rise  or  fall  starting 
at  500  cycles  or  any  other  crossover 
frequency  chosen.  Bass  control 
produces  no  substantial  effect  above 
crossover,  and  treble  control  pro¬ 
duces  no  substantial  effect  below. 
The  rising  or  falling  slope  is  adjust¬ 
able  in  steps  of  one  db  per  octave  up 
to  a  maximum  of  5  to  7  db  per 
octave.  The  overall  volume  level  at 
the  crossover  frequency  is  un¬ 
changed  by  applying  any  bass  or 
treble  compensation,  or  by  applying 
both  simultaneously.  All  frequency¬ 
determining  components  are  resis¬ 
tances  or  capacitances.  All  curves 
flatten  off  above  10  kc  and  below  25 
cycles. 

R-C  Networks 

Selective  frequency  boost  is 
achieved  by  attenuating  one  group 
of  frequencies  and  readjusting  the 
overall  level  with  flat  ampliflers.  The 
basic  R-C  networks  used  for  this 
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purpose  are  shown  in  Fig.  1,  along 
with  the  networks  used  primarily 
for  attenuation. 

Treble  boost  (Fig.lA)  is  obtained 
with  a  bass  attenuation  network 
having  a  gradual  drop  near  the 
crossover  and  a  sharp  flattening  off 
at  the  lower  frequencies.  When 
this  curve  is  slid  up  the  frequency 
axis  until  the  sharp  bend  reaches 
the  crossover  frequency,  it  becomes 
treble  boost. 

Treble  attenuation  (Fig.  IB) 
gives  an  abrupt  drop  near  the  cross¬ 
over  frequency  and  a  smooth  flatten¬ 
ing  off  at  higher  frequencies. 

Bass  boost  (Fig.  1C)  is  obtained 
with  a  treble  attenuation  network 
having  a  gradual  drop  near  the 
crossover  and  a  sharp  flattening  off 
at  the  higher  frequencies.  When 
this  curve  is  in  effect  slid  along  the 
frequency  axis  until  the  sharp  bend 
occurs  at  the  crossover  frequency, 
it  becomes  bass  boost. 

Bass  attenuation  (Fig.  ID)  gives 
an  abrupt  drop  near  the  crossover 
frequency  and  a  smooth  flattening 
off  at  lower  frequencies. 


Any  desired  crossover  frequency 
may  be  achieved  by  selection  of  re¬ 
sistance  and  capacitance  values  for 
the  R-C  networks.  For  example, 
doubling  all  indicated  resistance 
values  without  changing  the  capaci¬ 
tances  will  shift  the  entire  curve 
toward  lower  frequencies  by  a 
factor  of  two.  Doubling  all  capaci¬ 
tances  produces  the  same  effect, 
while  decreasing  resistances  or 
capacitances  or  both  shifts  the 
curve  bodily  toward  higher  fre¬ 
quencies. 

The  impedance  any  network  pre¬ 
sents  may  be  altered  by  a  factor  N, 
without  altering  the  frequency  re- 
.sponse  curve,  by  multiplying  all 
resistance  values  by  N  and  at  the 
same  time  dividing  all  capacitances 
by  N. 

Complete  Circuit 

The  final  tone  control  circuit  is 
shown  in  Fig.  2,  along  with  the  re¬ 
sponse  curve  combinations  obtain¬ 
able  and  the  control  switch  settings 
for  each.  Since  all  the  required 
compensation  cannot  satisfactorily 
be  provided  in  variable  form  in  one 
network  section,  composite  net¬ 
works  consisting  of  three  such  sec¬ 
tions  in  tandem  or  cascade  are  used 
for  bass  and  treble  attenuation. 
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FIG.  2 — Complete  tone  control  lystem.  When  inserted  in  on  audio  amplifier,  its  OToroll  gain  is  sero  at  the  SOO^ycle  crossoTer  fre¬ 
quency.  The  inset  tables  gire  the  positions  of  the  contact  arms  of  the  two  six-pole  eleTen-position  control  switches  to  proTide  the  indicated 
boss  and  treble  control  curres.  Treble  cunres  were  taken  with  bass  control  ot  B6  (neutral),  and  bass  curres  with  treble  control  at  T6 


with  provisions  for  tapping  the 
composite  network  at  the  desired 
points. 

The  succeeding  sections  in  any 
one  network  increase  in  impedance 
by  a  factor  of  four  or  five  each  time, 
so  that  succeeding  sections  do  not 
furnish  loading  which  would  alter 
the  frequency  response  characteris¬ 
tics  of  preceding  sections. 

Because  of  the  nature  of  the  basic 
bass  boost  section,  the  building  up 
of  a  network  from  several  such  sec¬ 
tions  would  add  many  bulky  com¬ 
ponents.  Instead,  therefore,  a 
switching  arrangement  was  devel¬ 
oped  wherein  three  sections  of  1.4, 
2.8,  and  2.8-db  boost  per  octave 
were  combined  successively  to  give 
in  turn  1.4,  2.8,  4.2,  5.6,  and  7-db 
boost  per  octave.  The  same  system 
is  employed  for  treble  boost,  and 
the  network  sections  again  increase 
in  impedance  as  they  are  added. 

Two  six-pole  eleven-position 


switches  are  r^uired.  The  five 
positions  of  boost  and  the  five  posi¬ 
tions  of  attenuation  are  wired  to 
one  switch  for  each  frequency 
range,  along  with  a  neutral  position 
in  which  no  bass  or  treble  alteration 
occurs.  Continuous  control  is  not 
provided,  but  small  enough  steps 
make  the  action  gradual  as  the 
switches  are  rotated. 

The  overall  result,  then,  is  to  have 
one  switch  for  bass,  giving  from  7 
db  of  boost  per  octave  to  5  db  of  sup¬ 
pression  per  octave  in  ten  steps,  and 
one  switch  for  treble,  giving  from 
5-db  boost  per  octave  to  6-db  reduc¬ 
tion  per  octave  in  ten  steps,  with 
no  interaction  between  controls. 
The  words  per  octave  here  refer  to 
the  number  of  octaves  displacement 
from  500  cycles. 

In  order  to  achieve  a  constant 
volume  level  at  the  crossover  fre¬ 
quency,  a  stepping  gain  control  was 
added,  ganged  to  the  bass  and  treble 


switches,  in  the  cathode  circuits  of 
two  cathode  followers.  In  this  way, 
the  proper  amount  of  input  signal 
is  chosen  for  each  position  of  the 
selector  switch  in  order  that  the 
gain  at  500  cycles  may  remain  con¬ 
stant.  In  practice,  this  is  easily 
achieveable  within  one  db  if  care  is 
taken  in  selecting  components. 

Cathode  Followora 

The  cathode  followers  serve  the 
main  purpose  of  transforming  a 
high-impedance  input  signal  down 
to  a  low  imitedance  so  that  the  net¬ 
works  may  begin  at  low  impedance 
and  build  up  as  described.  It  has 
been  found  that  stray  coupling  be¬ 
tween  high-impedance  networks  can 
seriously  alter  the  ideal  frequency 
response  curves.  With  capacitance 
values  all  larger  than  400  micro¬ 
microfarads,  a  small  unintended 
coupling  capacitance  (on  a  switch 
wafer,  for  example)  will  not  pro- 
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duce  a  noticeable  effect  on, the  tone. 

Amplification  must  be  provided 
(not  necessarily  within  the  tone  con¬ 
trol)  in  order  to  re-establish  the 
orijrinal  volume  level.  At  the  same 
time,  it  is  advisable  to  amplify  and 
then  again  transform  down  to  low 
impedance  between'  the  bass  and 
treble  controls.  This  serves  the 
added  purposes  of  isolating  the  bass 
and  treble  components  electrically 
and  keeping  either  from  operating 
at  too  low  a  voltage  level.  All  these 
networks  are  bound  to  have  inser¬ 
tion  loss  at  any  frequency,  and  a 
total  of  40  db  of  attenuation  at  60 
or  120  cycles  (as  provided  by  bass 
suppression  and  treble  boost,  before 
re-establishment  of  the  500-cycle 
level)  could  push  the  signal  into  the 
heater-to-cathode  hum  voltage  level. 

Amplifier  Design 

Choice  of  tubes  for  this  tone  con¬ 
trol  proved  somewhat  vexing.  The 
6SL7  twin  high-mu  triode  would 
have  been  most  convenient,  but  even 
a  6SL7W  proved  to  be  usually  too 
microphonic,  and  always  too  rich  in 
hum  introduced  through  the  heater 
circuit.  The  6SN7  does  not  have 
enough  gain ;  the  6SC7  has  only 
one  external  cathode  lead.  The  6SF5 
high-mu  triode  was  found  to  be 
available  and  free  from  hum  in  a 
sufficient  number,  and  so  this  type 
was  decided  upon. 

In  the  amplifier  stages,  cathode 
resistors  were  left  unbypassed  to 
make  the  neutral  amplification 
curve  as  flat  as  possible,  at  the  sac¬ 
rifice  of  some  gain.  A  total  of  12  db 
more  of  gain  may  be  obtained  by 
suitable  bypassing  of  these  two 
resistors.  All  plate  supply  circuits 
must  be  decoupled  as  shown,  and  all 
blocking  capacitors  must  be  large 
enough  so  that  low  frequencies  are 
not  attenuated. 

The  input  signal  level  must  be  low 
enough  so  that,  after  boosting, 
neither  the  bass  nor  the  treble  sig¬ 
nal  will  overload  either  level-restor¬ 
ing  amplifier.  A  gain  control  is 
therefore  provided  directly  at  the 
input  to  the  tone  control.  This  is 
not  intended  as  a  main  gain  control 
for  the  entire  control  and  program 
amplifier  combination.  But  as  an 
auxiliary  which  may  be  set  accord¬ 
ing  to  the  maximum  level  of  the  in¬ 
coming  signal. 

In  commercial  recording,  com¬ 


FIG.  3 — Method  used  ior  testing  individual  R-C  networks  and  complete  tone  control  system 


pression  takes  place  before  the 
mechanical  limitations  of  recording 
techniques  produce  their  tone-modi¬ 
fying  effects.  Therefore,  the  tone 
control  should  be  used  before  a 
volume  expander.  This  also  lessens 
the  danger  of  overloading  the 
amplifiers  in  the  tone  control. 

Construction  ond  Testing 

All  parts  were  selected,  using  a 
resistance  bridge  and  a  capacitance 
bridge,  from  stock  i-watt  resistors 
in  RMA  sizes  and  stock  capacitors. 
In  many  cases  resistance  values 
were  changed  slightly  from  nominal 
values  shown  in  order  to  achieve  a 
smooth  consistent  family  of  curves. 

Assembly  may  be  along  lines  con¬ 
ventional  for  low-level  audio  cir¬ 
cuits.  Compactness  was  achieved 
by  wiring  virtually  all  the  resistors 
and  capacitors  on  the  two  switches 
before  installing  the  switches  on 
the  chassis.  The  tone  control  with 
its  two  switches,  four  tubes,  a  spare 
selected  6SF5  tube  and  a  3-tube 
a-m  tuner  were  assembled  on  a 
9x1 1-inch  chassis,  the  audio  ampli¬ 
fier  and  power  supply  being  remote. 

Checking  Response  Curves 

A  testing  method  was  evolved  for 
this  type  of  work,  which  eliminated 
disturbing  effects  due  to  such  fact¬ 
ors  as  voltmeter  frequency  response, 
loading,  signal  generator  variations, 
and  distortion.  As  shown  in  Fig.  3, 
an  audio  oscillator  with  load  re- 
~  -sistor  was  fed  to  the  input  of  the 
tone  control,  across  which  an  elec¬ 
tronic  voltmeter  was  placed.  •  The 
linear  db  scale  on  the  Ballantine 
voltmeters  simplified  measure¬ 
ments  since  all  data  could  be  ob¬ 
tained  directly  in  decibels  and 
plotted  immediately ;  any  odd  points 


could  be  immediately  investigated. 

Each  network  was  tested  individ¬ 
ually,  after  which  the  entire  tone 
control  was  tested  as  a  unit. 

The  output  from  the  last  6SF5 
was  transformed  down  to  low  im¬ 
pedance  in  an  auxiliary  cathode  fol¬ 
lower  (6J5)  and  another  voltmeter 
was  placed  across  the  cathode 
follower  cathode  resistor.  The  oscil¬ 
lator  was  set  for  500  cycles,  its  out¬ 
put  set  for  midscale  (10  db)  on  the 
input  monitor  meter,  and  the  input 
gain  control  adjusted  for  midscale 
(10  db)  on  the  output  meter,  on  the 
1  volt  scale. 

Precautions 

Any  change  in  oscillator  output  as 
frequency  was  changed  was  elimi¬ 
nated  by  always  adjusting  the  oscil¬ 
lator  output  control  so  that  the 
input  meter  read  10  db.  A  series  of 
measurements  was  taken  by  setting 
the  frequency,  setting  the  oscillator 
output,  and  recording  the  output 
reading  in  db  as  the  treble  or  bass 
control  was  varied  throughout  its 
range.  The  tone  control  net  effect 
is  the  output  reading  in  db  minus 
10. 

Great  care  must  be  taken  in  plan¬ 
ning  this  type  of  measurement  since 
it  is  easy  to  overlook  a  cable  lumped 
capacitance,  which  will  change 
beyond  recognition  an  otherwise  de¬ 
sirable  curve.  It  is  also  advisable 
to  monitor,  on  a  good  oscilloscope 
or  harmonic  analyzer,  the  audio  out¬ 
put  from  the  tone  control,  to  avoid 
recording  false  readings  due  to 
overloading  and  consequent  wave¬ 
form  distortion. 

The  author  wishes  to  express  an- 
preciation  to  Dr.  Hugh  F.  Gin- 
gefich,  to  whom  credit  for  the  basic 
network  design  is  due. 
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Power  Amplifier 
for  the  Citizens  Transmitter 


Construction  details  and  circuitry  of  a  two-stage  power  amplifier  for  use  in  conjunction 
with  the  transmitter  described  in  November  1947  Electronics.  Simplified  design  of 
cavity  resonators  and  mounts  permits  duplication  of  the  unit  with  the  use  of  hand  tools  only. 

No  machining  is  necessary 


By  WALTER  C.  HOLLIS 

Project  Engineer 
Engineering  Division 
The  W.  L.  Maxaon  Corporation 
New  York,  N.  y. 

Part  V 

The  unit  illustrated  is  designed 
to  be  added  to  the  Electronics 
Citizens  transmitter  to  provide  the 
higher  power  needed  for  covering 
greater  distance  and  more  reliable 
communication.  With  it,  the  quar¬ 
ter-watt  output  of  the  mobile  trans¬ 
mitter  ig  increased  to  10  watts,  a 


total  gain  of  16  db.  Although  in¬ 
tended  primarily  for  fixed  station 
operation,  where  a  conventional  116- 
volt  power  line  is  available,  the  in¬ 
put  requirements  are  sufficiently 
low  as  to  permit  mobile  operation 
from  a  vibrator  or  dynamotor  power 
supply. 

The  power  amplifier  consists  of 
two  stages  of  class-C  grounded-grid 
amplification  employing  type  2C43 
tubes.  The  complete  circuit  diagrram 
is  shown  in  Fig.  1. 

The  first  stage  is  operated  single 
ended  and  is  driven  through  a 


Complete  amplifier  with  one  coeer  remoTed.  Resonant  caeities  are  formed  by  the 
metal  case  and  the  partitions 


type-N  panel  jack,  Ji.  Loop  Li  is 
a  short  length  of  tubing  which  ap¬ 
proximately  resonates  out  the  grid- 
to-cathode  capacitance  of  F,.  A 
wire  shielded  within  the  tubing  pro¬ 
vides  one  connection  for  the  heater 
voltage  and  the  other  is  returned  to 
ground  through  an  internal  connec¬ 
tion  in  Vi.  Capacitors  Ci  and  C,  are 
button  mica  types  that  maintain 
both  filament  connections  and  the 
three  cathode  d-c  connections  at  the 
same  r-f  potential.  The  cathode  r-f 
connection  is  provided  through  a 
built-in  capacitor  between  the  shell 
and  cathode  of  the  2C43.  Cathode  re¬ 
sistor  Ri  develops  the  required  grid 
bias  and  serves  as  overload  protec¬ 
tion  for  the  tube  in  case  of  drive 
failure. 

Coupling 

The  output  tank  circuit  is  of  the 
transmission-line  type  and  consists 
of  a  length  of  short-circuited  trans¬ 
mission  line,  L„  resonating  with  the 
grid-to-plate  capacitance  of  V„  and 
a  variable  capacitor,  C«,  located  part 
way  up  the  line.  The  resonant  cir¬ 
cuit  thus  formed  is  shunt  fed 
through  a  pi  filter  consisting  of 
Ca,  Cs  and  the  inductance  of  the 
length  of  wire  connecting  these 
capacitors.  Output  from  the  first 
stage  is  fed  to  the  second  stage  by 
means  of  an  adjustable  tap  on  L, 
through  a  length  of  transmission 
line,  Ti. 

The  second  stage  consists  of  two 
2C43  tubes,  V,  and  operated  in 
push-pull.  Tubing  L,  and  L.  are 
similar  to  and  serve  the  same  pur¬ 
pose  as  Li.  Capacitors  C„  C,,  C.  and 
C,  have  the  same  function  as  C,  and 
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Ti,  T2 — See  text 

Vi,  V,,  Vr-2C43 

Ji,  Ji-UGr-38/U  type-N  jack 

Li,  L},  L},  Li,  L« — See  text 

Ri,  Ri,  R»-560  ohms,  1  watt,  Mien  Bradley 

Cl,  C2,  Ci,  Ct,  Cs,  Cr-510  nfii,  Erie  button 
mica,  type  370-BA 

Ci,  Ci,  Cio,  ,Ci2,  Cu,  C14— 1,000  nfti,  Erie 
button  mica,  type  370-BB 

Cf-Miniature  variable  capacitor,  E.  F. 
Johnson,  No.  160-107 

Cu-Miniature  butterfly  capacitor,  E.  F. 
Johnson,  No.  160-20.3 


FIG.  1 — Complete  circuit  of  the  two  stages  oi  the  power  amplifier 


Ct.  Resistors  and  Rt  provide  grid 
bias  and  overload  protection.  The 
cathodes  of  V,  and  V,  are  driven  by 
the  output  of  Vi  through  transmis¬ 
sion  line  r,.  Amplifier  F,  is  driven 
directly  and  F.  is  driven  through  an 
additional  half-wave  line,  T*,  which 
serves  as  a  phase  inverter.  This  is 
one  form  of  the  balance-to-unbal- 
ance  transformer  (balun). 

The  output  tank  circuit  consists 
of  a  length  of  short-circuited  paral¬ 
lel  transmission  line,  Ls,  resonated 
by  the  grid-to-plate  capacitance  of 
F,  and  F,  and  a  butterfly  capacitor 
located  part  way  up  the  line.  The 
resonant  circuit  thus  formed  is 
shunt  fed  through  pi  filters  consist¬ 
ing  of  C„„  Cu,  C,„  Cu  and  their  re¬ 
spective  connecting  leads.  The  out¬ 
put  of  this  stage  is  coupled  out 
through  J,  by  means  of  coupling 
loop  L,. 


Construction  Details 

As  shown  in  the  accompanying 
photographs,  the  two  stages  of 
amplification  are  assembled  within 
a  sheet-metal  shield  box  7A  x6Ax 
4A  inches,  consisting  of  two  L- 
shaped  flanged  parts  and  two  covers. 

The  shield  box  is  divided  into  four 
compartments  by  three  partitions. 
One  compartment  each  is  used  for 
the  input  cathode  circuit  of  F„  out¬ 
put  resonant  circuit  of  F„  input 
cathode  circuits  of  F,  and  Fj,  and 
output  resonant  circuit  of  F,  and  F,. 
All  parts  for  the  shield  box  are 
made  of  1 /32-inch  she^t' brass  and 
held  together  by  4-40  binding-head 
screw.s. 

The  layouts  for  the  two  L-shaped 
flanged  parts  are  shown  in  detail 


FIG.  2 — Layout  oi  two  L-shaped  shields  that  form  the  metal  cabinet.  All  dimensions 

are  giyen  in  inches 
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Single-ended  input  stage  at  right  uses  components  at  leit  and  mounts  with  output  stage  to  form  the  metal  cabinet 


in  Fig.  2.  Two  partitions,  which 
serve  as  ground  planes,  are  shown  in 
Fig.  3.  The  smaller  partition,  which 
shields  the  input  of  the  first  stage 
from  the  input  of  the  second  stage, 
is  shown  in  Fig.  4.  The  two  line 
assemblies  are  detailed  in  Fig.  5 
and  6.  Figure  5  shows  assembly 
details  of  the  input  amplifier  line 


assembly.  Figure  6  omits  these  33446.  Only  the  middle  size  is  used, 
details  as  they  were  identical.  After  all  metal  parts  are  made,  they 
Assembly  is  done  exclusively  with  may  be  silver  plated  for  improved 
soft  solder.  Details  of  the  covers  conductivity,  as  was  done  with  the 
are  shown  in  Fig.  7.  Two  are  re-  model, 
quired  and  screening  is  soldered 
over  each  opening  on  the  inside  sur¬ 
face.  After  all  parts  for  the  box 
are  made,  tapped  holes  on  the 
flanges  are  spotted  from  the  covers. 

Figure  8  shows  all  other  details. 

The  grid  fingers  shown  in  Fig.  8 
are  centered  and  soft  soldered  over 
the  holes  in  the  ground  planes  (Fig. 

3).  They  should  be  soldered  on  the 
side  opposite  the  flange  with  the 
fingers  protruding.  Fingers  similar 
to  these  may  be  purchased  from 
James  Millen  Mfg.  Co.  as  part  No. 


Assembly 

All  metal  parts  are  held  together 
by  4-40  screws  and  lock-washers. 
In  addition  to  the  parts  called  for  in 
Figures  1  to  8,  the  following  are 
required:  four  feed-through  ter¬ 
minals,  such  as  Vitroseal  Corp. 
Terminal  No.  1901-9LHT;  about 
18  inches  of  shielded  wire,  such  as 
Precision  Tubing’s  No.  .20(10/30) 
wire  in  silver-plated  copper  shields, 
0.1495  O.D.x  0.011  wall  thickness; 
three  Millen  type  33008  steatite 
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FIG.  4 — Small  partition  to  separate  the 
stages 
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FIG.  6 — Output  amplifier  resonant-line  assembly  as  shown  pictorially  at  top  of  following 

page 


FIG.  5 — Resonant-line  assembly  of  input 
amplifier 
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-Small  parts  required  are  plate  caps,  qrid  lingers,  supports,  spacers,  tuning 
clips  and  cathode  mounts 


octal  sockets;  six  6-32  fillister  head 
screws,  inches  long;  about  18 
inches  RG-5/U  cable;  and  one 
UG-18/U  plug. 

The  shielded  wire  is  soldered  to 
the  chassis  and  cathode  mount  as 
shown  in  the  photographs  to  form 
L„  La,  and  L«,  respectively.  The 
inner  wire  supplies  the  filaments  of 
Vi,  Vt,  and  V,.  Filament  and 
cathode  connections  are  made 
through  an  octal  socket. 

The  cathode  bypass  capacitors 
and  bias  resistor  are  mounted  on 
the  socket  as  shown  in  the  photo¬ 
graphs.  The  outer  rim  of  each 
button  mica  capacitor  is  soldered  to 
terminals  3,  5,  and  8  of  the  socket 
and  one  is  stacked  above  the  other. 
The  lug  of  the  lower  capacitor  is 
soldered  to  terminal  2,  which  is  con¬ 
nected  to  terminal  1,  providing 
a  ground  return  to  the  shell  of  the 
2C43.  The  lug  of  the  upper  capac¬ 
itor  solders  to  terminal  7  which  con¬ 
nects  to  the  filament  lead.  The  bias 


FIG.  7 — Copper  screening  is  soldered  over 
the  openings  oi  the  corers 


resistors  span  terminals  1  and  5. 

The  resonant  lines  are  assembled 
as  shown  in  Fig.  5.  The  GE  1422 
supports  are  secured  to  the  brass 
tubing  by  means  of  4-40  set  screws. 
The  purpose  of  the  support  is  to 
take  all  stress  off  the  fragile  button 
mica  capacitors.  The  rest  of  the 
assembly  is  readily  completed  by 
referring  to  the  photographs. 

The  balun,  T„  is  an  83-inch  length 
of  RG-5/U  cable  with  the  inner  con¬ 
ductors  soldered  to  the  cathode 
mounts  of  F,  and  F,.  One  side  of 
the  outer  shield  is  connected  to  the 
shield  of  transmission  line  Ti.  The 
inner  conductor  of  Ti  also  ter¬ 
minates  on  the  cathode  mount  of 
Fj.  Line  T,  is  a  6-inch  length  of 
RG-*5/U  cable  terminated  in  a 
UG-18/U  plug. 


The  first  stage  showed  a  power 
gain  of  10  db  with  a  driving  power 
of  i  watt,  and  an  output  of  2.5 
watts.  The  plate  input  was  22  ma 
at  500  volts.  The  second  stage 
showed  a  gain  of  6  db  with  an  out¬ 
put  of  10  watts.  The  input  was  30 
watts,  yielding  a  plate  efficiency  of 
33  percent.  If  lower  power  is 
desired,  the  first  stage  may  be  used 
alone. 
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Piecision 
Interval  Timer 


High  accuracy  of  timing  intervals  from  0.01  to  100 
seconds  for  industrial  control  applications  is  provided 
by  permitting  a  capacitor  to  discharge,  through  a  voltage 
source  of  reversed  polarity 


Complet*  Umar  chassis.  The  relay  Is 
mounted  undemeadi 


charge  to  the  point  where  v  =  to  the  a-c  line,  the  timing  ca- 
(l/n)Fo  we  have  pacitor,  Ci,  is  in  a  discharged  state 

1  and  consequently  the  thyratron  fires 

(,  V  oi  -  vef  goQjj  j^g  plate  voltage  derived 

or  =  1/n  from  the  6AL5  power  supply  builds 

Thus  for  a  given  R  and  C  it  al-  “P-  causes  the  plate  cir- 

ways  takes  the  same  time  to  dis-  ^e^^y  to  pull  in  and  C.  charges 

charge  the  capacitor  to  a  given  frac-  ^o  200  volts  negative,  with  respect 
tion  of  the  initial  voltage.  Note  that  cathode  of  the  2D21.  The 

this  time  is  independent  of  the  value  latter,  being  perma- 

Qf  nently  connected  to  C,,  likewise 

Modified  Circuit  goes  200  volts  negative.  The  thyra- 

_  tron  remains  in  a  conducting  state. 

By  the  simple  expedient  of  d.s- 

charging  the  capacitor  through  a 

voltage  source  of  reversed  polarity,  ,, 

...  a.  1  «  t.  grid  once  the  gas  ionizes, 

it  IS  possible  to  make  v  —  0  when  mv  •  -i.  •  j  r  1.1. 

a-  ,  /  1  /o  rp.  .  1  r  The  circuit  is  now  ready  for  the 

the  ratio  1/w  =  1/2.  This  type  of  .  ...  ,.  ^  a.-  •  1  ji.  • 

...  .  ,  .  px.  .  ,  initiation  of  a  timing  cycle.  It  is 

discharge  is  shown  in  Fig.  1.  Mak-  i-  v  j  u  -i  •  j. 

“a^L  a.a^.  Tx  .  accomplished  by  momentarily  inter- 

ing  use  of  these  facts  in  Eq.  1  re-  ..  ,,  a.-  -a.  a.  1  a 

Tx  •  XL  .e  1,  •  rupting  the  continuity  of  the  plate 

suits  in  the  following  .  .,  a.u  I  1  -i.  v 

circuit.  When  the  toggle  switch 

=J/2  (2)  marked  Recycle  is  thrown  to  either 

log«  1,  t/R  position,  the  plate  circuit  is  inter- 

from  which  1  =  0.693  ftC  (3)  rupted  for  a  period  equal  to  the 
Thus,  after  0.693  RC  second,  the  transit  time  of  the  switch  element, 
voltage  across  the  capacitor  will  be  For  the  ordinary  toggle  switch,  this 
zero  regardless  of  the  initial  volt-  may  amount  to  a  few  milliseconds, 
age  Vo.  The  tube  is  thus  extinguished,  the 

In  the  circuit  of  Fig.  2,  a  minia-  relay  is  de-energized  and  the  highly 
ture  thyratron  fires  when  its  grid  negative  grid  regains  control.  At 
voltage  passes  through  zero.  A  re-  the  same  time,  the  normally  closed 
lay  in  the  plate  circuit  pulls  in  and  contacts  on  the  relay  change  the  cir- 
either  energizes  or  interrupts  a  load  cuit  so  that  the  timing  capacitor 
circuit,  depending  on  the  contact  starts  to  discharge  through  the  dec- 
arrangement.  To  repeat  the  cycle,  ade resistor  (marked  x  land  x  10) 
the  thyratron  plate  current  is  mo-  and  through  the  power  supply.  The 
mentarily  interrupted.  This  action  action  of  the  discharge  circuit  is 
permits  the  negative  grid  to  regain  clearly  shown  in  Fig.  1. 
control,  holding  off  conduction  until  When  the  potential  across  the  ca- 
the  capacitor  discharge  curve  again  pacitor  reaches  about  2  volts,  the 
passes  through  zero.  thyratron  fires  and  the  relay  pulls 

If  we  permit  the  capacitor  to  dis-  When  the  device  is  first  connected  in  and  remains  that  way  until  the 


By  SIDNEY  WALD 

Aviation  Equipment  Engineering 
RCA  Victor  Division 
Camden,  New  Jersey 


A  WIDE  variety  of  modem  in¬ 
dustrial  jobs  require  accurate 
timing.  Control  of  current  duration 
in  welding  and  timing  of  exposure 
in  high-frequency  heating  and  pho¬ 
tographic  enlargement  are  but  a  few 
possible  applications. 

Electronically  operated  timing 
circuits  almost  universally  employ 
a  combination  of  resistance  and  ca¬ 
pacitance,  wherein  the  measured  in¬ 
terval  is  the  time  required  for  the 
capacitor  to  reach  some  predeter¬ 
mined  voltage.  While  the  relation¬ 
ship  between  the  charge  or  dis¬ 
charge  time  and  RC  product  is  pre¬ 
dictable  and  accurate  the  practical 
embodiment  of  this  statement 
usually  results  in  the  introduction 
of  other  circuit  variables  such  as 
tube  electrode  potentials,  aging  and 
loss  of  calibration  through  tube  re¬ 
placement. 

The  electronic  timer  to  be  de¬ 
scribed  eliminates  these  sources  of 
error  while  retaining  simplicity. 

The  formula  which  governs  the 
discharge  of  a  capacitance  through 
a  resistance  is 


where  v  =  voltage'across  the  capacitor 
after  time  t  seconds  1 
Vo  »  initial  voltage  across  the 
capacitor 

C  *  capacitance  in  pf 
R  =  resistance  in  megohms 
e  =  2.718 
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FIG.  1 — Discharge  of  RC  circuit  FIG.  2 — Stable  timer  circuit  provides  intervals  repetitive  to  0.75-percent  accuracy 


circuit  is  again  recycled.  If  a  load, 
such  as  photographic  enlarging 
lamp  is  connected  in  series  with  the 
a-c  line  and  another  pair  of  nor¬ 
mally  closed  contacts  on  the  relay, 
the  light  will  go  on  for  the  precise 
period  of  time  determined  by  the 
setting  of  the  resistor  decade 
switches. 

Accuracy 

The  accuracy  of  the  timing  inter¬ 
val  which  may  be  obtained  with  this 
circuit  depends  on  two  principal 
factors,  slope  of  the  discharge  curve 
near  the  firing  potential  of  the  thy- 
ratron  and  tolerance  of  the  timing 
resistors  and  capacitor.  Both  of 
these  are  not  only  controllable  but 
highly  stable. 

The  value  of  the  slope  of  the  dis¬ 
charge  curve  at  the  firing  point  can 
be  shown  to  be  VJRC  volts  per  sec¬ 
ond  where  Vo  is  ‘  initial  voltage 
across  the  capacitor,  R  is  given  in 
megohms  and  C  in  microfarads. 

To  ascertain  the  timing  error  due 
to  variation  in  firing  potential  of 
the  tube,  assume  a  maximum  grid 
voltage  drift  of  plus  or  minus  1  volt. 

For  a  timing  interval  of  1  sec¬ 
ond,  RC  =  1/0.693  or  1.44;  VJRC 
=  200/1.44  =  139  volts  per  second. 

A  more  useful  concept  is  the  num¬ 
ber  of  seconds  per  volt.  Thus, 
1/139  =  0.0072  second  per  volt.  For 
the  assumed  variation  in  firing  po¬ 
tential,  we  have  a  timing  error  of 
^0.0072  second.  Since,  we  were 
considering  an  interval  of  one  sec¬ 
ond,  this  is  equivalent  to  error  of 
±0.72  percent. 

For  a  timing  interval  of  100  sec¬ 


onds,  we  have  an  inverse  rate  of 
0.72  second  per  volt  and  again 


the  error  is  =  ±  0.72  per- 

.  lUJ 

cent. 


This  shows  that  regardless  of  the 
timing  interval,  the  percent  error 
due  to  small  variations  in  critical 
grid  potential  is  fixed  and,  for  most 
purposes,  insignificant. 

Resistance  and  capacitance  toler¬ 
ances  affect  the  accuracy  of  timing 
directly  since  the  measured  interval 
is  directly  proportional  to  RC.  If 
we  consider  equal  tolerances  on  the 
capacitance  and  resistance,  then  the 
timed  interval  t  —  k  R  (1±  p)  C 
(1  ±  p)  where  p  =  percent  toler¬ 
ance  and  k  =  0.693.  This  leads  to 
the  relationship,  t  =  k[RC  ±  RC 
(2p)  -f  RCp^]. 

For  tolerances  up  to  10  percent, 
the  second  order  term  may  be  disre¬ 
garded  with  the  result  that  the  re¬ 
sulting  interval  is  in  error  by  double 
the  percent  tolerance  on  either  R 
or  C.  Thus,  to  insure  one-percent 
accuracy,  one  must  use  half-percent 
resistors  and  capacitor. 

An  interesting  case  of  cancella¬ 
tion  occurs  when  the  tolerance  of 
one  component  is  on  the  high  side 
and  that  of  the  other  component  is 
equally  on  the  low  side.  Then  t  = 
kRC  (1  -  p’)  =  k[RC  -  RCp^]. 

For  example,  if  the  resistance  is 
10  percent  high  and  the  capacitance 
10  percent  low,  the  product  error  is 
1  percent  low.  For  20-percent  com¬ 
ponents,  the  timing  error  would  be 
on  -the  low  side  by  only  4  percent. 

The  present  design  will  give  elec¬ 


tronically  timed  intervals  which  are 
repetitive  to  an  accuracy  of  at  least 
0.75  percent  and  absolute  within 
about  5  percent,  from  1  second  to 
110  seconds  in  1-second  increments. 
By  making  use  of  the  relationship, 
t  =  0.693  RC  and  using  suitable 
values  of  R  and  C,  it  is  possible  to 
extend  the  timing  range  consider¬ 
ably  below  and  somewhat  above  that 
given.  The  plate  circuit  relay  oper¬ 
ate  time  limits  the  shortest  possible 
timing  operation.  With  ordinary  re¬ 
lays,  it  is  possible  to  go  down  to 
0.01  second.  There  are  two  limiting 
conditions  for  measuring  long  inter¬ 
vals.  One  is  the  necessity  for  ex¬ 
tremely  large  RC  values  and  the 
other  the  need  for  a  steep  discharge 
curve  at  the  firing  point. 

Maximum  Time  Interval 

With  400  volts  on  the  plate  of  the 
2D21,  a  lO-fxf  timing  capacitor  and 
a  discharge  resistance  of  43.3 
megohms,  a  maximum  of  5  minutes 
might  be  successfully  attained.  It  is 
believed,  however,  that  a  mechanical 
timer  of  some  type  would  be  inher¬ 
ently  more  suitable  for  such  com¬ 
paratively  long  intervals.  The  diffi¬ 
culties  involved  in  procuring  and 
maintaining  extremely  high  stable 
RC  are  well  known  and  in  spite  of 
recent  advances  in  insulation  and 
hermetic  sealing  techniques,  it  is 
well  to  avoid  such  circuitry  wher¬ 
ever  possible. 

Credit  is  due  J.  S.  Russo,  also  of 
Aviation  Equipment  Engineering, 
who  was  instrumental  in  the  devel¬ 
opment  of  this  electronic  timer. 
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jj||L  Television 

REMOTE  VIEWERS 


Indapvndent  Ticwsr  lor  ottachmant  to  Tidoo  ampUiiar  of  any  roeotror.  A  Mcond 
chauit.  not  shown,  contains  the  low'Toltage  power  supply,  audio  amplifier  ond 

loudspeaker 


FIG.  1 — Independent  remote  Tiewer  contains  its  own  sync-separation  and  deflection 
oscillators  and  is  led  from  the  cathode  oi  the  rideo  amplifier  stage  oi  any  receWer 


By  YIN  ZELUFF 

Associate  Editor 
Klkctronics 

The  advent  of  television  has 
brought  unusual  desires  to 
many  set  owners  like  the  author. 
One  of  these,  the  desire  for  a  larger 
screen,  has  not  been  found  too  im¬ 
portant  after  the  first  year  of  oper¬ 
ation.  More  confining  have  been  the 
limitations  imposed  by  having  only 
one  picture  tube  in  the  home.  This 
tends  to  involve  constant  attend¬ 
ance  in  the  living  room  when  duty, 
homework,  mealtime  and  other 
activities  require  presence  in  other 
rooms  away  from  the  picture  tube. 

In  answer  to  this  second  desire, 
three  different  remote  viewers  have 
been  devised  to  provide  video  pro¬ 
grams  in  other  rooms.  These  view¬ 
ers  permit  occasional  monitoring  of 
the  evening  programs  while  en¬ 
gaged  in  other  tasks  and  also  per¬ 
mit  a  large  number  of  people  to  be 
entertained  in  several  groups  of 
convenient  size.  Having  two  or 
more  screens  for  larger  groups 
eliminates  the  confusion  of  assem¬ 
bling  all  available  chairs  in  one 
room. 

Independent  Seven-Inch  Viewer 

The  television  receiver  itself  con¬ 
tains  a  seven-inch  tube  requiring 
electrostatic  focus  and  deflection. 
For  the  first  remote  viewer,  similar 
video  and  deflection  circuits  were 
assembled  to  form  the  unit  shown 
in  the  block  diagram  of  Fig.  1.  This 
unit  is  an  independent  viewer  that 
requires  only  a  video  signal  of 
about  two  volts  for  picture  opera¬ 
tion.  It  contains  cathode-coupled 
multivibrators  for  both  vertical  and 
horizontal  oscillators,  deflection 
amplifiers,  a  sync  separator  and,  in 
the  interests  of  economy,  a  single- 
stage  video  amplifier.  For  the  same 
reason,  d-c  restoration  is  accom¬ 


plished  by  utilizing  the  current 
through  the  grid  resistor  of  the 
video  amplifier  tube. 

An  unterminated  coaxial  cable  is 
used  to  carry  the  video  signal  to  the 
remote  viewers.  A  cathode  follower 
was  installed  at  the  receiver  for 
feeding  the  video  signal  at  low  out¬ 
put  impedance  to  the  cable. 

It  was  considered  desirable  to  in¬ 
vestigate  the  possible  design  of 
simpler  remote  viewers.  Here  sim¬ 


plification  of  circuit  connections 
and  minimizing  of  changes  in  the 
receiver  were  indicated. 

Design  Simplification 

Elimination  of  the  extra  tube  for 
the  cathode  follower  was  desirable 
and  found  feasible.  This  was  ac¬ 
complished  by  inserting  a  500-ohm 
resistor  in  the  cathode  circuit  of 
the  receiver’s  video  amplifier  and 
feeding  the  voltage  developed 
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Cathode  loading  of  a  video  amplifier  stage  in  a  receiver  permits  feeding  two  different  types 
of  picture-tube  repeaters.  By  the  same  method,  a  third  type,  a  simple  slave  repeater,  can  be 
fed  from  one  of  the  viewers  or  from  a  receiver  having  electrostatic  deflection 


Complete  elare  riewer  and  audio  channel.  The  electroatotic  independent  Tiewer  or 
the  receiTer  is  used  as  a  master  unit 


Ten-inch  independent  Tiewer  constructed  on  a  prepunched  chassis.  Only  the  Tideo 
coble  and  audio  line  are  needed  ior  operation  oi  this  unit 


across  it  to  the  remote  viewers.  The 
normal  plate  load  circuit  of  the 
video  amplifier  was  left  unchanged. 
The  final  circuit  is  shown  in  Fig.  2. 
Only  slight  loss  of  video  voltage  to 
the  receiver  picture  tube  resulted 
from  the  dual  output  loading,  and 
this  was  readily  compensated  by 
adjustment  of  the  i-f  gain  control 
used  as  a  contrast  control. 

The  video  signal  has  been  fed 
through  various  types  of  cable,  in¬ 


cluding  RG8U,  RG59U,  microphone 
cable  and  even  300-ohm  flat  trans¬ 
mission  line.  All  of  the  shielded 
types  proved  satisfactory  in  lengths 
up  to  100  feet.  Distances  greater 
than  this  would  not  usually  be  en¬ 
countered  in  the  average  home  and 
would  probably  require  a  termi¬ 
nated  line  to  eliminate  standing 
waves  at  the  highest  frequency. 

The  independent  viewer  can  be 
connected  to  any  receiver  at  a  point 


where  a  positive  video  signal  of  the 
proper  voltage  is  available.  If  it  is 
necessary  to  use  a.  negative  signal, 
the  input  can  be  made  to  the  cath¬ 
ode  of  the  remote’s  video  stage. 

The  circuits  of  several  receiver 
models  available  show  an  unby¬ 
passed  cathode  resistor  in  one  of 
the  video  amplifier  stages.  From 
this  point,  these  sets  can  be  con¬ 
nected  to  remotes  with  only  a  pos¬ 
sible  addition  of  a  signal  divider  if 
the  video  level  is  too  high. 

The  first  remote  viewer  included 
its  own  sound  channel,  using  the 
simple  intercarrier  system,  for 
demodulating  the  f-m  signal  pro¬ 
duced  at  4.5  megacycles  by  the 
transmitter.  This  required  four 
tubes  and  was  found  to  be  an  un¬ 
necessary  luxury.  A  single  audio 
stage  is  used  in  the  viewers  illus¬ 
trated.  Each  of  these  is  fed  by  an 
audio  line  from  the  receiver. 

An  alternative  would  be  to  elimi¬ 
nate  the  audio  tube  and  connect 
loudspeaker  voice  coils  to  the  audio 
line  with  low-impedance  pads  for 
individual  control  of  audio  level  at 
each  viewer.  The  system  shown 
was  adopted  because  of  simplicity 
in  circuit  arrangement,  as  well  as 
because  it  allows  any  remote  viewer 
to  be  operated  at  a  higher  sound 
level  than  the  receiver. 

The  picture  controls  of  the  inde¬ 
pendent  viewer  are  essentially  the 
same  as  those  in  a  conventional  re¬ 
ceiver.  Width,  height,  brightness, 
focus,  vertical  and  horizontal  fre¬ 
quency  and  centering  controls  are 
provided.  Sufficient  variation  of 
contrast  is  provided  by  a  100-ohm 
rheostat  in  the  cathode  circuit  of 
the  video  amplifier. 

Simplified  Seven-Inch  Viewer 

Cathode  loading  suggested  a 
means  of  designing  a  slave  remote 
unit  in  which  there  would  be  no 
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VERTICAL 

INPUT 


FIG.  3 — Complete  circuit  of  ilove  riewer.  Three  35-loot  sections  of  RGS9U  carry  the  video  signal  and  vertical  and  horisontal  deflection 

voltages.  A  separate  line  carries  the  audio  signal 


mercial  receivers  have  similar  cir¬ 
cuit  arrangements  of  the  deflection 
amplifiers.  The  cathode  circuit  of 
the  first  vertical  amplifier  usually 
contains  a  resistor  that  can  be  util¬ 
ized  as  the  load  feed  to  the  remote 
amplifier. 

Usually  the  horizontal  amplifier 
has  the  tube  cathodes  grounded, 
and  a  resistor  is  inserted  as  the 
cathode  load.  The  values  shown 
were  found  optimum  for  the  par- 


need  for  a  sync  separator,  vertical 
oscillator  or  horizontal  oscillator. 
The  complete  circuit  of  a  slave  re¬ 
mote  is  shown  in  Fig.  3. 

The  two  6SN7  tubes  are  oper¬ 
ated  as  two-tube  paraphrase  ver¬ 
tical  and  horizontal  deflection  amp¬ 
lifiers  feeding  the  appropriate 
plates  of  the  cathode-ray  tube. 
Sawtooth  pulses  for  the  two  ampli¬ 
fiers  are  supplied  from  the  cathode 
circuits  of  the  deflection  amplifiers 


in  the  receiver  (or  from  the  inde¬ 
pendent  master  remote). 

The  values  shown  in  the  sche¬ 
matic  provide  a  raster  whose  corn¬ 
ers  just  touch  the  periphery  of  the 
cathode-ray  tube  screen  in  the  slave 
remote  when  the  width  and  height 
controls  of  the  master  unit  are  ad¬ 
justed  for  that  condition.  Different 
types  of  picture  tubes  that  operate 
at  higher  or  lower  voltage  would 
require,  slightly  different  sweep 
voltages -to  fill  the  screen.  To  mini¬ 
mize  changes  in  the  original  re¬ 
ceiver,  it  is  best  to  vary  only  the 
values  of  components  in  the  slave 
unit.  In  operation,  the  size  of  the 
slave  picture  varies  directly  with 
change  in  size  of  the  master  unit. 

Four  controls  are  provided  on  the 
front  panel  of  the  slave  viewer. 
These  are  focus,  contrast,  bright¬ 
ness  and  audio  gain.  The  vertical 
and  horizontal  centering  controls 
are  mounted  at  the  rear  of  the 
chassis. 

Figure  4  shows  the  connections 
of  the  cables  to  the  deflection  am¬ 
plifiers  in  the  receiver.  Most  com¬ 
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FIG.  2 — Low-impedance  output  for  re¬ 
mote  Tiewere  is  obtoined  from  the  cath¬ 
ode  lood  resistor  of  the  Tideo  amplifier 


FIG.  4 — Changes  in  receieer  circuits  to 
provide  sawtooth  output  for  the  deflection 
circuits  in  the  slave  viewer 
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ticular  receiver ;  others  that  use 
6SL7  tubes  will  probably'  require  a 
different  value. 

In  some  receiver  designs,  the 
second  tube  of  the  paraphase  may 
have  a  cathode  resistor  which  can 
be  used  without  change.  Since  this 
tube  is  handling  the  opposite  phase 
of  the  first,  the  slave  viewer  would 
then  produce  a  mirror  image  of  the 
picture.  Reversing  the  deflection 
plate  connections  to  the  coupling 
capacitors  of  the  slave  unit  will 
then  give  the  proper  image  at  the 
remote. 

Deluxe  Ten-Inch  Viewer 

It  was  felt  that  a  larger  and  per¬ 
haps  brighter  picture  unit  was  the 
next  step.  This  need  was  quite  ade¬ 
quately  met  by  the  General  Electric 
10FP4  picture  tube,  and  an  inde¬ 


pendent  electromagnetic  remote 
viewer  using  it  was  constructed. 
The  circuit  of  this  unit  is  shown  in 
Fig.  5. 

The  blocking  oscillator  trans¬ 
formers  and  focus  and  deflection 
coils  are  RCA  components  and  their 
circuits  are  the  ones  recommended 
for  these  parts,  although  the  tube 
line-up  is  different  from  that  em¬ 
ployed  in  the  RCA  receivers. 

Like  the  independent  seven-inch 
viewer,  the  ten-inch  remote  con¬ 
tains  a  single-stage  combined  video 
amplifier  and  d-c  restorer.  Sync 
pulses  are  taken  from  the  video 
cable  by  the  6SK7  sync  separator 
at  the  left  in  the  schematic  dia¬ 
gram.  Some  misgiving  was  felt 
initially  at  the  use  of  this  simple 
grid-leak  biased  pentode  circuit,  but 
it  has  proven  quite  satisfactory. 


The  focus  coil  is  arranged  in  the 
positive  low-voltage  line  for  con¬ 
venience  in  mounting  the  filter 
capacitors.  The  plate  current  re¬ 
quirement  of  all  tubes  in  the  viewer 
is  150  milliamperes. 

If  the  audio  stage  (not  shown) 
is  omitted,  the  values  of  the  resist¬ 
ors  shunting  the  focus  coil  may 
need  to  be  changed  and  a  bleeder 
resistor  may  be  necessary  in  the 
power  supply  to  keep  the  current 
through  the  coil  sufficient  for  focus¬ 
ing. 

Damping  resistor  B  can  be  com¬ 
posed  of  a  fixed  resistor  of  5,000 
ohms  and  a  rheostat  of  3,000  ohms. 
Less  than  5,000  ohms  causes  the 
picture  to  fold  back  on  itself  at  the 
left  side.  A  value  upward  from 
5,000  ohms  controls  trace  linearity 
of  the  left  side  of  the  picture. 


FIG.  5 — Complete  circuit  of  ten-inch  independent  remote  viewer  with  electromagnetic  deflection  and  locus 
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SEVERAL  YEARS  AGO,  an  investiga¬ 
tion  was  begun  in  these  labora¬ 
tories  of  newly  developed  high  di¬ 
electric  materials.  Potential  use  in 
.  capacitors  for  hearing  aids  was  en¬ 
visioned.  As  a  result  of  this  study 
it  was  predicted  that  some  of  the 
materials  might  show  piezodielec¬ 
tric  properties  while  under  the  in¬ 
fluence  of  a  direct-current  polariz¬ 
ing  field.  The  junior  author,  with 
the  assistance  of  Joseph  Crown- 
over,  then  with  this  company,  made 
an  experimental  study  of  the  pre¬ 
diction.  This  work  disclosed  that 
I  such  piezodielectric  properties  did 

I  exist  and,  furthermore,  that  perma- 

f  nent  polarization  remained,  giving 

^  some  of  these  materials  permanent 

'  piezoelectric  properties. 

The  application  of  such  materials 
to  numerous  types  of  transducers 
such  as  microphones,  vibration  and 
pressure  detectors,  frequency-con¬ 
trol  units,  modulation  units  and 
phonograph  pickups  was  at  once 
indicated.  A  project  covering  these 
and  other  related  items  of  develop¬ 
ment  was  started.  To  make  this 
project  self-supporting  it  was  de¬ 
cided  to  exploit  the  use  of  the  ma¬ 
terial  in  a  phonograph  pickup  car¬ 
tridge  at  the  start.  A  part  of  the 
general  research  was  concerned 
with  an  investigation  of  various 
materials  which  showed  the  piezo¬ 
electric  property  from  the  point  of 
view  of  picking  out  a  material  that 
represented  the  best  combination  of 
sensitivity,  freedom  from  tempera¬ 
ture  variation  and  ease  of  handling. 
The  material  finally  chosen  was 
barium  titanate  in  the  form  of  a 
ceramic. 

Properties  of  Barium  Titonate 

The  property  of  permanent  piezo¬ 
electricity  for  the  materials  studied 
occur.'’  at  temperatures  below  the 
Curie  point.  The  Curie  point  cor¬ 
responds  to  a  maximum  point  in  the 
dielectric  properties  of  the  material. 


Ceramic 


For  the  case  of  pure  barium 
titanate  this  temperature  is  ap¬ 
proximately  120  C.  Sensitivity  of 
the  material  shows  negligible 
change  between  —70  and  -f70  C. 
The  material  is  also  independent  of 
humidity  effects.  In  addition  to 
these  properties  of  permanence,  the 
material  also  lends  itself  to  a  sym¬ 
metrical  construction  which  con¬ 
tributes  to  the  flatness  of  frequency 
response  of  a  transducer.  This 
property,  in  combination  wuth  per¬ 
manence  under  varying  conditions 
of  temperature  and  moisture, 
makes  it  an  ideal  material  for  use 
in  phonograph  pickups. 

Pickup  Characteristics 

A  phonograph  pickup  cartridge 
was  developed  which  gives  a  nomi¬ 
nal  output  of  0.75  volt  at  1,000 


cycles  per  second  on  a  standard  test 
record.  The  construction  is  such 
as  to  permit  this  pickup  to  be  made 
for  the  low-cost  market  in  spite  of 
its  excellence  in  performance  and 
durability.  The  standard  cartridge 
originally  produced  carries  a  per¬ 
manent  sapphire  needle  w’ith  a  tip 
of  0.0027-inch  radius.  The  compli¬ 
ance  of  the  device  is  sufficiently 
high  to  permit  a  tracking  weight 
of  only  22  grams  for  use  on  78-rpm 
records.  (This  cartridge  has  been 
used  in  large  quantities  in  phono¬ 
graphs  marketed  by  Sears  Roebuck 
&  Company  for  considerably  more 
than  a  year  under  the  trade  name 
Syntronic.  Pickups  are  marketed 
directly  by  the  Sonotone  Corpora¬ 
tion  under  the  trade  name  Titone.) 

The  ceramic  material  is  cut  in 
narrow  strips,  the  sides  of  which 


To  tmt  oach  cartridgo.  it  it  placod  on  a  Tibrating  platfonn  which  it  drlTon  in 
iroquoncy  across  the  audio  spectrum.  Oscilloscope  and  meter  show  pickup  response 
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Two  synthetic  barium  titanate  slabs  are  mounted  between  three  electrodes  and  then  made 
piezoelectric  by  applying  high  voltage  to  form  a  pickup  that  is  unaffected  by  humidity  or 
normal  temperatures.  The  artificial  piezoelectric  is  generally  applicable  as  a  transducer 

are  covered  with  a  silver  frit.  Two  and  low  mass  on  the  one  hand  and  is  of  primary  importance.  The 
such  pieces  are  fastened  by  solder-  a  thick  strip  for  ease  in  handling  ratio  of  the  distance  from  the 
ing  to  the  opposite  sides  of  a  thin  and  freedom  from  dielectric  break-  center  of  effective  force  of  the  plas- 
metal  armature.  One  end  of  the  down  because  of  effects  of  surface  tic  dampers  to  the  hinge  and  from 
armature  is  clamped  in  the  case,  roughness  during  polarizing  on  the  the  needle  tip  to  the  hinge  forms  a 
forming  a  hinge.  To  the  other  end  other  hand.  Theoretically,  thin  step-down  lever  so  that  large  mo- 
is  soldered  a  small  metal  arm  carry-  strips  would  be  best  as  there  would  tions  at  small  force  (high  compli- 

ing  the  sapphire  needle.  Plastic  then  be  more  strain  energy  stored  ance)  on  the  needle  produce  less 

pads  on  either  side  of  the  assembly  in  them  to  produce  the  piezoelectric  motion  but  large  force  (low  corn- 

act  as  lateral  dampers  and  control  voltage.  pliance)  on  the  ceramic  element, 

the  compliance.  Practically,  there  This  arrangement  is  necessary,  the 

is  an  optimum  thickness  of  the  bar-  Compliance,  Inertia  and  Damping  compliance  of  the  titanate  struc- 
ium  titanate  ceramic  which  is  a  At  low  frequencies,  compliance  ture  being  too  low  to  drive  directly, 
compromise  between  a  thin  strip  for-  (the  reciprocal  of  stiffness  and  the  In  designing  a  pickup,  one  wants 
high  capacitance,  high  compliance  mechanical  analog  of  capacitance)  a  high  needlepoint  compliance  for 
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Parts  oi  the  ceramic  pickup  for  78-rpm  records  are  shown  in  their  order  oi  assembly.  The  sensitiTe  element  of  the  pickup 
is  formed  by  the  two  ceramic  strips  that  ore  soldered  to  the  armature.  Terminal  strips  and  cushions  hold  it  in  shell 


Phonograph  Pickup 


The  ceramic  is  then  polarized  by 
applying  high  voltages  to  the  elec¬ 
trodes.  Polarization  takes  a  fraction 
of  an  hour,  the  exact  time  de¬ 
pending  on  the  voltage  used.  (How¬ 
ever,  some  combinations  of  ceramic 
materials  are  very  sluggish,  even 
taking  days  to  polarize.)  Inasmuch 
as  the  barium  titanate  breaks  down 
above  approximately  100  volts  per 
mil  the  charging  voltage  is  limited 
by  breakdown,  although  for  rapid 
production  the  highest  safe  voltage 
is  desirable.* 

After  the  units  are  polarized, 
they  are  tested  for  sensitivity.  The 
pickup  is  then  assembled  and  finally 
tested  for  response.  In  some  pro¬ 
duction  items  a  sampling  technique 
can  be  used  to  test  for  quality, 
especially  if  a  limited  number  of 
variables  affect  the  final  perform¬ 
ance.  However,  in  such  production 
items  as  pickups  where  overall  re¬ 
sponse  is  a  function  of  every  vari¬ 
able  in  the  unit,  sampling  is  inade¬ 
quate;  quality  control  must  be 
maintained  by  checking  each  unit 
for  its  response.  Efficient  operation 
of  the  production  line  depends,  in 
part,  on  a  practically  automatic 
means  of  testing  each  assembled 
pickup. 

Barium  titanate  ceramic  is  a 
polycrystalline  aggregate  with  a 
high  dielectric  constant.  Other  well 
known  materials  with  comparable 
piezoelectric  properties  are  Rochelle 
salt  and  ammonium  dihydrogen 
phosphate.  These  latter  materials 
are  used  in  the  form  of  single  crys¬ 
tals.  It  would  not  ordinarily  be 
expected  that  strong  piezoelectric 
properties  would  be  observed  in 
polycrystalline  aggregates  of  ran¬ 
dom  orientation.  The  fact  that 
a  strong  effect  is  observed  in 
barium  titanate  ceramic  may  be  ex¬ 
plained  on  the  assumption  that  the 
material  exists  in  the  form  of  tran¬ 
sitional-type  crystals  intermediate 
between  the  ionic  and  valence  types. 
It  appears  to  be  possible  in  this 
type  of  structure  to  orient  the  do¬ 
mains  by  means  of  an  applied  polar¬ 
izing  field. 

The  project  in  which  the  above 
work  was  accomplished  is  now 
being  expanded  to  include  a  study 
of  piezoelectric  properties  of  single 
crystals  of  barium  titanate  and  in 
their  potential  applications  to  other 
transducer  problems. 


7,000  10,000  70,000 


Fr»quenc7  raaponx*  of  pickup  for  78-rpm  records  is  substantially  flat  at  low  frequencies 
despite  small  size  of  sensitive  element  because  of  its  high  dielectric  constant 


tracking  at  low  frequencies,  but  in  of  1,200,  giving  a  total  internal 
general  the  higher  the  compliance,  electrical  capacitance  of  about  900 
the  lower  the  sensitivity.  The  [Xfif.  The  internal  generator  volt- 
needle  is  therefore  mounted  on  a  age  is  directly  proportional  to  the 
short  extension  to  give  a  reasonably  needle  excursion  amplitude  plus  a 
high  compliance.  This  extension  is  lift  above  5,000  cps  due  to  the  effect 
also  used  to  give  very  high  Vertical  described  above.  For  nominal  per- 
compliance  to  provide  freedom  formance  the  pickup  should  work 
from  surface  noise  and  to  lessen  into  a  load  resistance  of  one 
vertical  shock.  The  proportioning  megohm. 

of  inertia  (inductance),  compliance  A  pickup  for  microgroove  rec- 
(capacitance)  and  damping  (resist-  ords,  with  a  dOOl-inch  radius 
ance)  is  such  as  to  give  good  needle  tip  and  a  tracking  weight  of 
transient  response,  which  is  re-  6  grams  using  the  same  materials, 
quired  for  clear  reproduction  of  develops  0.25  volt  at  1,000  cps  on 
speech  and  music.  a  standard  test  record.  This  33J 

High-frequency  response  is  pro-  rpm  pickup  has  a  compliance  of 
vided  by  coupling  the  7,000-cps  0.75  x  10  *  cm  per  dyne.  Models 

needle-arm  mode  with  that  of  the  have  also  been  made  of  a  dual  car- 
lowest  mode  of  the  system,  which  tridge  for  playing  both  78  and  33J- 
occurs  at  2,000  cps.  The  provision  rpm  records, 
of  sufficient  damping  in  the  plastic 

pads  smooths  the  resonances  due  Manufacture  of  the  Pickup 

to  these  modes  to  provide  the  re-  In  describing  the  design  and  re¬ 
sponse  shown  in  the  diagram.  sponse  of  the  pickup,  its  general 

Of  great  importance  for  proper  construction  was  outlined.  The  ac- 
tracking  at  high  frequencies  is  the  companying  labeled  parts-view 
value  of  the  effective  mass  of  the  photograph  indicates  the  construc- 
pickup  at  the  needle  point.  This  tion  of  the  pickup  for  78-rpm  rec- 
mass  is  measured  rather  than  cal-  ords.  The  barium  titanate  used  in 
culated  because  of  the  many  uncer-  the  sensitive  element  is  in  the  same 
tainties  and  assumptions  required  class  as  that  used  commercially  in 
in  a  system  of  distributed  param-  ceramic  capacitors,  although  the 
eters.  The  measurement  is  made  purer  it  is  the  better.  Strips  for 
by  observing  the  deviation  in  fre-  the  cartridge  are  cut  from  silver* 

quency,  produced  by  the  loading  frit  coated  sheets  and  solder- 

introduced  by  the  pickup  needle,  sweated  onto  the  metal  support 
of  a  reed  driven  electromagneti-  The  metal  wets  the  ceramic  at  higi 
cally.  An  inertia  of  four  milligrams  temperature  and,  in  cooling,  con 

was  measured  at  10,000  cps.  tracts  more  than  it,  thus  puttinf 

The  production  pickup  for  78-  the  ceramic  strips  under  longitud 
rpm  records,  tested  on  the  l,000-cp3  inal  compression.  The  titanate  ii 
band  of  a  standard  test  record,  brittle,  but  by  thus  placing  it  undei 
gives  an  open  circuit  output  of  0.75  precompression,  the  assembled  ele 
volt;  it  has  a  lateral  compliance  of  ment  can  be  handled  safely  durini 
0.5  X  10^  cm  per  dyne  or  better,  production  and  is  negligibly  subjec 
The  active  material  in  the  pickup  to  damage  from  rough  handling  ii 
has  an  effective  dielectric  constant  use. 


December,  7948— ELECTRONICS 


To  obtain  dense,  nonporous  slabs  of  barium  titonote  from  which  highly  sensitiTe  synthetic  piezoelectrics  can  be  made,  the  temperature 
of  this  special  kiln  in  which  the  material  is  fired  is  jield  constant  to  one  part  in  a  thousand 

New  Synthetic 
Piezoelectiic  Mateiial 

Pure  barium  titanate,  fired  into  a  ceramic,  can  have  piezoelectric  properties  induced  into 
it  permanently  by  applying  a  direct-current  polarizing  field.  The  design  considerations  for 
transducer  elements  mad^  with  the  synthetic  material,  its  properties  and  production 

are  described 
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Barium  titanate  has  been 
studied  extensively  recently 
because  of  its  high  dielectric  con¬ 
stant  and  piezoelectric  properties.* 
It  is  a  heterogeneous,  randomly 
oriented  polycrystalline,  dense  cer¬ 
amic. 

While  this  material  has  been 
used  for  several  years  as  a  high 
constant  dielectric,  in  recent 
months  it  has  attracted  consider¬ 
able  attention  for  use  in  such  piezo¬ 
electric  transducers  as  microphones 
and  phonograph  pickups..  In  both 
these  applications,  a  dorfble-slabbed 
element  is  strained  in  bender 
fashion  so  that  a  mechanical  lever 
advantage  is  gained.  This  article 
describes  the  bases  of  these  appli¬ 


cations  and  the  method  for  making 
the  material  piezoelectric*. 

Size  of  Transducer 

In  fabricating  transducer  ele¬ 
ments  of  the  size  used  in  micro¬ 


phones  and  phonograph  pickups, 
two  ceramic  sheets  of  the  desired 
size  are  bonded  together,  such  as 
by  soldering,  after  which  leads  are 
attached.  These  barium  titanate 
ceramic  elements,  after  being  sub- 


APPLICATION  AND  MATERIAL 

The  preceding  article  described  the  application  of  a  new  material  to  phono¬ 
graph  pickups.  This  article  describes  the  material  itself  in  greater  detail.  Together, 
they  tell  an  interesting  story. 

Barium  titanate,  studied  during  the  war,  was  found  to  hove  a  remarkably 
high  dielectric  constant  so  it  was  produced  as  a  substitute  tor  mica  in  capacitors. 
Later  a  way  was  found  to  make  it  piezoelectric. 

With  the  resumption  of  peace-time  research,  the  properties  of  this  material 
'were  further  studied,  and  ultimate  use  in  transducers  of  many  kinds  seems  likely. 
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iected  to  high  electric  fields,  exhibit  transducer  element,  by  applying  a 
nduced  piezoelectric  properties.  polarizing  potential. 

The  thickness  to  which  the  cer-  The  limiting  factor  on  the  usable 
imic  is  extruded  is  determined  by  charging  potential  is  the  dielectric 
:he  practical  optimum  thickness  of  strength  of  the  titanate  material. 
:he  transducer  element,  which  has  The  breakdown  voltage  was  found 
3een  found  to  be  0.010  inch,  a  com-  to  be  approximately  100  volts  per 
promise  of  low  compliance  on  the  mil,  but  when  corona  is  completely 
me  hand  and  voltage  breakdown  eliminated,  breakdown  strengths 
strength  .due  to  corona  on  the  other  approximating  200  volts  per  mil 
liand.  That  such  elements  can  have  are  obtained.  A  much  smaller 
food  frequency  response  is  illus-  charging  potential  is  capable  of 
trated  in  Fig.  lA.  Here  the  calcu-  producing  almost  the  same  degree 
lated  midband  and  low-frequency  of  polarization  when  exerted  over  a 
responses  are  given  for  several  mi-  longer  period, 
crophone  elements  feeding  through  The  time  delay  for  polarization 
a  400-(i|if  cable  to  a  5-megohm  load,  to  take  place  and  the  saturation  can 

The  curves,  calculated  on  the  basis  be  understood  from  the  nature  of 

of  the  equivalent  circuit  included  in  the  polarizing  action.  Initially,  in- 

Fig.  lA,  are  given  for  elements  of  dividual  cubic  crystals  are  twinned 

five  different  widths,  indicated  by  within  themselves  (optical  axes  of 

their,  capacitances.  ’  different  domains  of  a  crystal  are 

Changing  the  width  of  the  ele-  at  90  degrees  to  each  other).  When 
ment  has  two  effects  upon  the  re-  the  polarizing  potential  is  applied, 
sponse.  First,  an  increase  in  width  the  domains  of  one  orientation 
decreases  the  longitudinal  stresses  grow  gradually  at  the  expense 
in  the  material  and  hence  the  mid-  of  the  others  so  that,  finally,  the 
band  response  is  decreased.  Sec-  crystal  approaches  a  single  domain, 
ondly,  increasing  the  width  of  the  This  growth  of  one  domain  and 
element  has  the  effect  of  increasing  shrinkage  of  the  other  can  be  seen 
the  series  capacitance  and  thus  in-  with  a  microscope,  using  polarized 
creasing  the  flatness  of  response  at  light.  Because  in  polycrystalline 
the  low  frequencies.  To  illustrate  ceramic  materials  the  orientation 
this  point,  note  that  the  l,600-ti4if  of  some  crystals  may  not  favor  the 
unit  has  the  smoothest  overall  re-  growth  of  one  domain  at  the  ex- 
sponse,  going  down  to  half  power  pense  of  the  other,  not  all  the  crys- 
(0.7  volt)  at  17  cps.  But  this  flat-  tals  will  contribute  to  the  overall 
ness  is  gained  at  the  sacrifice  of  piezoelectric  effect.  It  is  interest- 
the  midband  level.  ing  to  observe  that  a  single  crystal 

If  the  width  of  the  unit  is  too  of  barium  titanate  that  has  been 
small,  not  only  is  the  low-frequency  polarized  has  a  sensitivity  one 
response  sacrificed,  but  the  mid-  order  higher  than  does  Rochelle 
band  response  drops  as  well.  This  salt. 

is  illu.strated  by  the  curve  of  the  Figure  3A  shows  the  dielectric 
200-aii.f  unit  in  Fig.  lA.  In  Fig.  2  constant  and  tan  8  of  the  material 
the  midband  response  of  an  element  versus  -temperature.  It  will  be 
is  plotted  as  a  function  of  its  capac-  noted  that  the  dielectric  constant 
itance  (width)  for  several  cable  is  quite  uniform  through  the 
loadings.  From  these  graphs,  we  normal  temperature  range.  Figure 
can  expect  the  400-uiu.f  element  to  3B  shows  the  piezoelectric  modulus 
give  the  best  results.  (sensitivity)  over  the  temperature 

While  the  curves  of  Fig.  lA  and  range  from  —60  to  -f  140  C.  There 
Fig.  2  are  calculated,  actual  tests  is  a  drop  in  sensitivity  at  low 
of  the  frequency-response  charac-  temperature  (not  shown)  due  to 
teristics  on  microphone  and  Glen-  the  lowering  of  the  dielectric  con- 
nite  pickup  elements  in  Astatic  stant.  The  piezoelectric  effect  is 
housings  have  been  made  and  the  lost  if  the  material  is  heated  above 
results,  as  indicated  in  Fig.  IB  and  the  Curie  point,  represented  by  the 
1C,  are  comparable.  peak  in  the  dielectric  constant 
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FIG.  1 — (A)  Capacitance  of  ceramic  ele¬ 
ment  affects  theoretical  frequency  re¬ 
sponse,  but  if  the  optimum  thickness  and 
area  of  ceramic  are  tued.  the  measured 
responses  of  pickups  (B)  and  microphones 
(C)  made  from  it  are  uniform 
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FIG.  2 — For  maximum  midband  response, 
the  capacitance  of  the  piesoelectric  ce- 
rcnnic  element  should  be  made  equal  to 
that  of  its  connecting  cable 


212  F,  which  leaves  some  margin. 

The  manner  in  which  the  relative 
piezoelectric  sensitivity  is  affected 
by  charging  time  is  shown  in  Fig. 
4»  for  a  bender-type  element  at  vari¬ 
ous  charging  potential  gradients. 
The  sensitivity  of  elements  is  easily 
determined  by  observing  its  hys¬ 
teresis  loop  on  an  oscilloscope.* 


Physics  of  the  Phenomena 

No  complete  theory  has  been  ad¬ 
vanced  to  explain  the  phenomenon 
of  an  induced  piezoelectric  effect. 
However,  there  does  appear  to  be  a 
close  resemblance  between  the  abil¬ 
ity  to -produce  the  magnetic  effects 
in  ferromagnetic  substances  and 
these  phenomena;  that  is,  there  ex¬ 
ists  small  regions  in  which  dipoles 
can  be  oriented  in  the  same  direc- 


Induced  Piezoelectricity 

The  ceramic  is  made  piezoelec¬ 
tric,  after  it  is  fabricated  into  the 


December,  J94d— ELECTRONICS 


.  V  If  ’  %  -p 


/' 


0  100  200  300  400  900 
•IAS  potential  in  volts 

0  20  40  60  SO  100  120  140 

TEMPERATURE  IN  OEG  C 


FIG.  3 — Choractariitics  of  piosoeloctric 
ceramic  ore  (A)  dielectric  constant.  loss 
tangent  and  (B)  sensitivity.  Another  type 
of  ceramic  shows  nonlinear  capacitance 
effects  (C)  illustrating  the  versatility  of 
these  new  materials 


FIG.  4 — Saturated  polarisation  is  reached 
sooner  with  higher  potential  gradients, 
but  even  small  voltages  polarise  the! 

material  ultimately  ' 


tion  under  the  influence  of  strong 
electric  fields  and  these  regions  re¬ 
tain  an  electric  moment  after  the 
externally  applied  field  is  removed. 

Like  all  piezoelectrics,  electrical 
charges  can  be  generated  in  the 
sensitized  barium  titanate  on  the 
application  of  mechanical  stress. 
However,  the  features  which  dis¬ 
tinguish  the  piezoelectric  ceramic 
material  from  the  natural  piezo¬ 
electrics  are:  (1)  the  piezoelectric 
effect  is  induced,  (2)  oriented  cuts 
of  the  piezoelectric  ceramic  are  not 
required  because  the  material  is 
polycrystalline  and  random  in 
distribution,  while  in  {he  norm¬ 
ally  accepted  material,  oriented 
cuts  of  single  crystals  are  used, 
(3)  the  induced  piezoelectric  effect 
can  be  removed  and  reinduced 


repeatedly  with  no  discernible 
deterioration  of  the  material,  (4) 
oppositely  sensitized  adjoining  re¬ 
gions  may  lie  within  a  single  strip 
of  ceramic,  and  (5)  it  does  not  ab¬ 
sorb  moisture. 

The  piezoelectric  effect,  due  to 
hydrostatic  pressure,  has  been 
measured  and  found  to  b6  on  the 
order  of  100  x  10  *  esu  per  dyne. 

If  this  general  phenomenon  ex¬ 
hibited  by  the  material  can  be 
considered  as  conforming  to  prop¬ 
erties  of  certain  piezoelectric  ma¬ 
terials,  it  means  that  the  piezoelec¬ 
tric  ceramic  material  will  exhibit 
primary  pyroelectric  effects.  This 
would  place  a  limitation  on  the  use 
of  barium  titanate  in  high  power 
mechano-electric  transducers,  be¬ 
cause  application  of  high  alternat¬ 
ing  potentials  would  heat  the  cera¬ 
mic,  possibly  above  its  Curie 
temperature,  in  which  event  the 
induced  piezoelectric  effect  would 
be  lost.  However,  it  can  be  used 
for  low-powered  devices,  such  as 
tweeters. 

Producing  the  Ceramic 

As  in  all  ceramics;  control  of  the 
composition  of  the  raw  material  is 
highly  important.  However,  for 
piezoelectric  purposes  this  alone  is 
insufficient.  Several  steps  must  be 
taken  to  remedy  slight  variations 
of  impurities  in  the  raw  material. 
The  necessity  of  processing  barium 
titanate  into  thin  sheets  has  called 
for  a  new  ceramic  method. 

The  raw  materials  are  intimately 
blended  by  severe  agitation  and 
grinding  with  the  vehicles  and 
binders.  The  mixed  suspension  is 
then  placed  under  vacuum  to  elimi¬ 
nate  entrapped  gases,  which  tend 
to  lower  the  density  and  dielectric 
strength  of  materials  made  by 
typical  methods. 

The  treated  suspension  is  next 
spread  evenly  on  a  moving  belt 
where  it  is  dried  and  then  removed 
in  sheet  form  resembling  paper. 
The  sheets  are  then  punched  to  a 
convenient  size  and  are  placed  on 
highly  pure  ceramic  tile  for  firing. 

Firing  of  the  ware  is  a  step 
where  extreme  control  must  be 
maintained  to  obtain  high-quality 
ceramics  of  uniform  characteristics 
economically.  It  has  been  found 
necessary  to  design  and  build  a 
special  tunnel  kiln  where  tempera¬ 


tures  between  2,400  and  2,500  F 
can  be  maintained  within  =t:  3  F. 

The  fired  ware  is  then  silver 
coated  using  ceramic  fired-on  silver. 
Control  at  this  point  must  be  main¬ 
tained  to  apply  the  correct  electrode 
thickness  properly.  Ceramic  sheets 
are  then  cut  by  an  abrasive  wheel 
into  the  sizes  required  for  piezo¬ 
electric  applications. 

It  is  well  to  note  that  this  process 
can  be  adapted  to  the  fabrication 
of  capacitors  and  other  dielectrics. 
Sheets  from  0.003  to  0.020  inch 
thick  can  be  processed  up  to  16 
square  inches  in  area. 

An  additional  ceramic  of  consid¬ 
erable  interest,  which  is  not  piezo¬ 
electric  at  room  temperature,  is  one 
having  a  high  voltage  coefficient  of 
capacitance;  Fig.  3C  gives  its 
capacitance  versus  voltage  as  well 
as  its  capacitance  versus  tempera¬ 
ture.  This  ceramic  material  could 
facilitate  the  construction  of  a 
sweep-frequency  generator.  The 
frequency  of  an  oscillator  can  be 
changed  by  applying  biasing  volt¬ 
ages  to  the  ceramic  capacitor.  It 
has  been  found  that  a  varying  bias¬ 
ing  potential  can  be  conveniently 
used  to  modulate  an  oscillator.  An 
inexpensive  sweep-frequency  gen¬ 
erator  for  television  testing  pur¬ 
poses  could  be  easily  made  with  it. 
Thus  it  can  be  anticipated  that  cer¬ 
amics  will  play  an  increasingly  im¬ 
portant  part  in  the  electronic 
industry.*  * 
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found  to  be  best  suited  for  such  applications  and  gives  curves  showing  typical  operation 
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During  the  past  decade,  a  num¬ 
ber  of  battery-operated  light¬ 
weight  power  supplies  for  use  with 
Geiger-Muller  counters  operating 
between  800  and  1,600  volts  have 
been  described,  and  data  on  their 
performance  characteristics  have 
been  recorded.  Where  light  weight 
has  been  the  prime  consideration, 
as  for  example,  in  cosmic-ray  meas¬ 
uring  equipment  sent  aloft  in  bal¬ 
loons,  specially  designed  batteries 
are  often  required.  These  are  of 
such  small  size  that  they  are  usually 
exhausted  in  the  few  hours  required 
for  a  test. 

For  applications  involving  field 
service  work,  it  is  desirable  that 
standard  batteries  be  used.  They 
must  be  light  in  weight  but  capable 
of  supplying  the  equipment  for  sev¬ 
eral  hours  per  day  with  intermittent 
use  over  a  period  of  several  months. 

Metering 

For  all  work  with  power  supplies 
for  G-M  tubes,  it  is  usually  desir¬ 
able  to  have  a  direct  and  fairly  ac¬ 
curate  indication  of  the  voltage.  In 
this  way,  the  voltage  may  be 
checked  with  the  data  supplied  by 
the  manufacturer  to  insure  that  the 
operating  point  of  the  tube  is  on 
the  Geiger  plateau  or  level  portion 
of  the  counter  characteristic. 

One  of  the  simplest  ways  to  ob¬ 
tain  accurate  voltage  indication  is 
to  insert  a  sensitive  meter  in  series 
with  an  accurately  known  bleeder 
resistance  across  the  high-voltage 
output.  With  a  high-voltage  source 
of  low  internal  resistance,  such- as  a 
battery,  the  resistance  and  the  me¬ 
ter  may  be  switched  out  of  the  cir¬ 
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FIG.  I — Circuit  of  portable  900-yolt  power  supply  with  adjustable  output  Toltage 


a  necessary  voltage  indication,  the 
output  power  may  now  be  consid¬ 
ered  the  sum  of  the  power  dissi¬ 
pated  in  the  bleeder,  meter,  and  G-M 
tube  circuit.  The  power  expended 
in  the  meter  and  G-M  tube  circuit 
is  negligible  compared  with  the 
power  dissipated  in  the  bleeder.  A 
bleeder  current  of  50  (la  at  1,500 
volts  represents  a  power  output  of 
75  milliwatts,  a  requirement  which 
has  a  direct  bearing  on  the  battery 
'size  for  the  desired  life.  It  also 
points  to  the  need  for  good  power 
transformation  efficiency. 

For  example,  suppose  that  four 
midget  67i-volt  batteries,  each 
weighing  12  oz.,  are  arranged  in 
series-parallel  to  deliver  135  volts 
at  2.5  ma  for  a  desired  useful  life 
of  325  hours.  Suppose  that  at  this 
battery  input  a  voltage-multiplying 
circuit  has  been  found  that  will  de¬ 
liver  50  [la  at  1,500  volts.  The  effi¬ 
ciency  or  ratio  of  power  output  to 
power  input  is  22.2  percent.  If  the 
efficiency  were  44.4  percent,  the 
battery  weight  could  be  reduced 
from  3  lb  to  li  lb. 


cuit  except  when  the  voltage  is 
measured.  With  sources  of  high  in¬ 
ternal  resistance,  such  as  in  port¬ 
able  electronic  h-v  supplies,  the  load 
regulation  is  poor  and  the  bleeder 
should  be  in  the  circuit  at  all  times 
during  operation.  The  meter,  how¬ 
ever,  when  not  being  used  as  a  volt¬ 
age  indicator,  may  be  switched  for 
use  elsewhere  in  the  apparatus,  as, 
for  example,  for  indicating  the  inte¬ 
grated  counting  rate  in  an  amplifier 
circuit  from  the  G-M  tube. 

For  the  sake  of  ruggedness,  a  me¬ 
ter  drawing  50  u.a  at  full  scale  ap¬ 
pears  to  be  desirable.  With  high- 
voltage  sources  of  high  internal 
resistance,  the  use  of  a  50-[Aa  meter 
is  also  preferable  to  a  20-[i.a  meter 
because  of  the  improvement  in  regu¬ 
lation  with  variable  G-M  tube  loads. 

The  need  for  metering  the  high 
voltage  and  its  consequent  ramifi¬ 
cations,  particularly  when  used  in 
circuits  of  high  internal  resistance, 
presents  a  further  problem,  the 
efficiency  of  power  transformation. 
In  the  sense  that  the  bleeder  power 
is  useful,  in  that  it  makes  possible 
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•  Midget  batteries  are  now  avail¬ 
able  up'to  300  volts,  (Eveready  No. 
493).  A  high-voltage  supply  con¬ 
sisting  of  a  multiple  of  300-volt 
units  has  much  in  its  favor.  The 
units  are  fairly  compact  and  ex¬ 
tremely  simple  to  install.  The  life 
is  essentially  the  shelf  life  when 
used  with  normal  G-M  counter  cur¬ 
rents  of  less  than  1  aa.  Even  when 
counting  at  a  rate  of  250,000  counts 
per  minute,  the  current  drawn  by  a 
small  G-M  tube  is  seldom  more  than 
3  u.a,  which  is  still  a  negligible 
drain.  Because  of  the  low  internal 
resistance,  the  metering  may  be 
done  intermittently;  hence  there  is 
no  metering  drain  during  operation. 
Disadvantages  include  lack  of  volt¬ 
age  variability,  changes  in  voltage 
with  battery  age,  and  higher  weight 
and  replacement  cost  than  that  of 
some  electronic  circuit  substitutes. 

Charged  Capacitors 

Instead  of  using  batteries,  the 
possibility  of  storing  a  charge  in  a 
capacitor  might  be  considered. 
Prior  to  taking  the  equipment  into 
the  field,  a  capacitor  is  charged  to 
the  desired  operating  voltage.  Sup¬ 
pose  that  the  total  load  and  leakage 
cux'rent  is  1  aa  and  the  permissible 
voltage  drop  over  3  hours  antici¬ 
pated  field  use  is  100  volts,  and  the 
G-M  tube  has  a  useful  plateau  100 
volts  wide.  The  required  capacitance 
is  the  ratio  of  change  in  charge  to 
change  in  voltage  AF.  Then  C  = 
it/AV  where  i  is  the  current  and  t 
is  the  time.  Substituting  the  values 
from  the  above  example,  a  capacity 
of  approximately  108  tif  is  required. 

A  single  voltage  unit  might  be 
arranged  to  charge  a  number  of  ca¬ 
pacitors  in  parallel  and  discharge 
them  in  series,  thus  building  up  the 
voltage  to  the  desired  value.  The 
best  method  proposed  has  been  to 
connect  the  capacitors  in  series,  and 
charge  each  one  successively  by 
switching  the  battery  vojtage  with 
a  pair  of  commutators  mounted  on 
a  rotating  shaft.  The  shaft  may  be 
spring  driven  or  motor  driven.  Be¬ 
cause  of  the  inevitable  losses  in 


switching,  the  resulting  voltage  is 
not  an  integral  multiple  of  the  bat¬ 
tery  voltage  and  will,  of  corurse,  vary 
as  the  battery  ages.  This  calls  for 
voltage  metering.  By  suitable  choice 
of  shaft  speed,  number  of  commuta¬ 
tor  sections,  and  capacitor  values, 
the  percent  ripple  and  the  internal 
resistance  can  be  made  low  and  the 
metering  circuit  may  be  removed 
except  when  a  voltage  reading  is 
required. 

If  a  battery-powered  electric  mo¬ 
tor  is  used  to  drive  therf;ommutator 
shaft,  the  problem  of  the  weight  of 
this  battery  in  relation  to  its  useful 
life  enters  in.  The  smallest  electric 
motor  is  rated  at  1/2,000  h-p  or  373 
milliwatts.  The  battery  supplying 
this  motor  for  325  hours  intermit¬ 
tent  service  weighs  almost  3  lb. 

For  sake  of  comparison  with 
other  systems,  the  efficiency  is  com¬ 
puted  when  the  voltage  is  being 
metered  (when  there  is  appreci¬ 
able  output  power).  Assuming  a 
power  transformation  factor  for  the 
voltage-multiplying  circuit  of  75 
percent,  and  as  before,  that  the  de¬ 
vice  is  supplying  50  aa  at  1,500 
volts,  the  efficiency  will  be  15.85  per¬ 
cent. 


At  900-volt  operation,  the  effi¬ 
ciency  is  only  6.6  percent.  The  dif¬ 
ficulty  of  adjusting  the  voltage  and 
the  relatively  high  power  require¬ 
ments  of  the  motor  make  this  sys¬ 
tem  a  doubtful  solution  to  the  prob¬ 
lem. 

Vibrators 

Considerable  interest  is  being 
shown  among  commercial  and  gov¬ 
ernmental  agencies  in  the  devel¬ 
opment  of  small  high-voltage 
low-power  devices  employing  me¬ 
chanically  vibrating  reeds.  These 
vibrators  normally  operate  from  a 
battery  supplying  li  to  6  volts.  The 
high  voltage  is  obtained  by  the 
rapid  collapse  of  the  magnetic  field 
produced  in  a  transformer  supplied 
by  the  same  battery.  The  voltage  is 
readily  controlled  by  a  series  vari¬ 
able  resistor  in  the  low  impedance 
side  of  the  transformer. 

One  type  of  vibrator  supply  is 
reported  to  deliver  50  jta  at  1,100 
volts  with  an  input  drain  of  250  ma 
at  3  volts.  A  battery  delivering  this 
input  intermittently  for  325  hours 
weighs  5  lb  10  oz.  The  power  trans¬ 
formation  efficiency  is  7.34  percent. 

Vibrator-type  power  supplies  for 


TABLE  I — Comparison  of  Portable  High-Voltage  Power  Supplies 


Type 


Straight  Battery  Operation  (Using 
Eveready  300-voit  midget  batteries) 

Charged  Capacitor  (Large  capacitor 
charged  to  desired  voltage  prior  to 
taking  equipment  into  held) 


Capacitors  in  Series  (Charging  capaci¬ 
tors  in  parallel  with  low  voltages  and 
discharging  them  in  series  for  desired 
high  voltage) 


Vibrators  (Vibrating  reed  causes  peri¬ 
odic  collapse  of  magnetic  field  in 
transformer) 

R-_F  Power  Supply  (High  frequency 
feeding  into  step-up  transformer) 


Limitations  for  Portable  Use 


No  voltage  variability.  Voltage  changes 
with  battery  age.  Heavy.  Replacement 
cost  high 

Leakage  current  causes  voltage  to  drop 
between  time  charged  and  time  when 
unit  is  used.  Large  capacitor  needed 
(over  100  Atf).  Bulky,  expensive,  and 
annoying  to  charge  before  use 

A  motor-driven  switching  system  is  re¬ 
quired,  with  accompanying  motor 
power  requirements.  Low  efficiency  at 
desired  voltage.  Discharge  voltage  de¬ 
pends  on  condition  of  charging  battery. 
Switching  losses 

Heavy  low-voltage  battery.  Low  power 
transformation  efficiency  for  high- 
voltage  low-power  applications.  Bulky 

Transfornier  losses.  Low  overall  effi¬ 
ciency 


ELECTRONICS  — December,  1948 


101 


D 


automobiles  have  an  efficiency  be¬ 
tween  60  and  76  percent.  Unless  the 
efficiency  of  the  high-voltage  low- 
power  types  can  be  made  15  percent 
or  more,  metered  power  supplies  of 
light  weight  and  relatively  long 
battery  life  are  not  very  practical 
by  this  method. 

R-F  Power  Supplies 

High-voltage  r-f  power  supplies 
for  cathode-ray  tubes  have  been  in 
use  for  some  years  and  it  is  natural 
to  consider  the  applicability  of  this 
t3rpe  for  portable  G-M  counters. 
Again  the  efficiency  is  the  prime 
consideration. 

In  the  r-f  type  of  power  supply, 
a  feedback  oscillator  drives  the 
primary  plate  coil  closely  coupled  to 
a  larger  secondary  coil. 

A  commercial  coil  unit -was  tried 
in  a’  circuit  employing  a  1U4  oscil¬ 
lator  and  a  CK1013AX  cold-cathode 
rectifier.  It  became  apparent  that 
the  rectifier  did  not  perform  prop¬ 
erly  in  the  frequency  ranges  tested, 
80  to  400  kc.  A  filamentary  type 
rectifier,  a  type  1654,  performed 
satisfactorily,  but  the  best  B-bat- 
tery  efficiency  secured  was  only  13.4 
percent.  A  coil  combination  made 
from  commercially  available  chokes 
gave  approximately  the  same 
efficiency. 

The  chief  source  of  loss  occurs  in 
the  secondary  winding.  In  order 
to  keep  the  losses  in  the  secondary 
small,  the  equivalent  parallel  resist¬ 


ance  of  the  secondary  at  resonance 
must  be  large  compared  with  the 
load  resistance.  As  the  output  load 
is  to  be  30  megohms,  the  secondary 
must  have  at  least  this  resistance. 
Quoting  from  an  article  by  0.  H. 
Schade  (see  bibliography),  “  .  .  . 
secondary  circuits  of  such  high 
impedance  are  too  expensive  and 
large  for  practical  use.” 

If  a  sawtooth  voltage  is  applied 
to  the  grid  of  a  vacuum  tube  in  the 
plate  circuit  of  which  there  is  a  high 
inductance  choke,  the  rapid  changes 
in  plate  current  induce  large  volt¬ 
ages  across  the  winding  in  the 
choke.  This  induced  fiuctuating 
voltage  may  be  rectified  and 
smoothed  to  provide  high  d-c 
voltages. 

As  an  alternative,  a  cold-cathode 
grid-controlled  thyratron  is  ar¬ 
ranged  so  that  the  RC-derived 
voltage  periodically  gains  control 
and  cuts  off  the  plate  current.  This 
would  have  the  great  advantage  of 
requiring  no  filament  battery  sup¬ 
ply.  Unfortunately,  experiments 
with  a  CK1089  tube  indicated  that 
stable  oscillations  could  not  be  se¬ 
cured  with  less  than  about  500  milli¬ 
watts  input. 

A  blocking  type  of  audio  oscil¬ 
lator  was  also  tried,  using  the 
secondary  of  the  transformer  in  the 
plate  circuit  and  the  primary  as 
tickler  feedback  in  the  grid  circuit. 
The  efficiency  of  this  system  was 
relatively  low. 


Another  way  to  generate  a  suit¬ 
able  sawtooth  voltage  is  by  means 
of  a  multivibrator.  A  pair  of  vac¬ 
uum  tubes,  resistance  and  capac¬ 
itance  intercoupled,  operate  in  a 
free-running  flip-fiop  arrangement 
and  the  voltage  developed  in  the 
output  circuit  of  one  tube  drives  the 
amplifier.  Subminiature  tubes  of 
low  power  drain  are  excellent. 

N«on-Controlled  Oscillator 

A  very  simple  method  which  pro¬ 
vides  slightly  better  overall  effi- 
(fiency  than  the  multivibrator  is  to 
use  a  neon  bulb  supplied  through 
a  resistor  from  the  B-battery  sup¬ 
ply  and  shunted  by  a  suitable  capac¬ 
itor.  The  sawtooth  is  generated  by 
the  voltage  rise  across  the  capacitor 
and  sudden  drop  when  this  voltage 
reaches  the  ionization  potential  of 
the  gas. 

The  proper  choice  of  iron-core 
choke  in  the  plate  circuit  is  usually 
found  by  trial  and  error.  Commer¬ 
cially  available  interstage  audio 
transformers  are  often  used  with 
primary  and  secondary  connected  in 
series  aiding.  There  is  a  marked 
difference  in  the  performance  of 
units  supplied  by  different  manu¬ 
facturers,  even  among  units  whose 
design  characteristics  for  their 
originally  intended  purpose  are  the 
same. 

A  rectifier  capable  of  withstand¬ 
ing  at  least  2,000  inverse  peak  volts 
is  desirable.  In  the  unit  to  be  de¬ 
scribed,  the  CK1013AX  cold-cathode 
gas  rectifier  is  efficient  and  has  the 
advantage  that  no  filament  battery 
is  needed.  Voltage  is  supplied  to 
the  starter  electrode  through  a  10- 
megohm  resistor. 

Where  voltages  over  a  wide  range 
are  required,  a  convenient  control 
is  to  use  a  series  variable  resistor 
in  the  screen  grid  circuit  of  the  out¬ 
put  *  tube.  In  this  way,  variable 
voltages  can  be  obtained  at  maxi¬ 
mum  efficiency. 

A  number  of  experimental  cir¬ 
cuits  employing  a  neon-controlled 
oscillator  operating  at  audio  fre¬ 
quencies  and  driving  a  1U4  or  IT.®^ 
were  tried.  For  obtaining  1,500 
volts  or  more,  about  200  volts  plate 
supply  is  required  in  addition  to  the 
50  ma  at  1.4  volts  drawn  by  the  fila¬ 
ment.  At  1,500  volts,  an  overall 
power  transformation  efficiency  of 
22  to  23  percent  is  normal.  At 


FIG.  2 — EHect  of  battery  aging  on  output  Toltago  for  two  settings  of  output  adiustment 
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FIG.  3 — Curves  showing  efiect  of  load  current  and  filament  voltage  on  voltage  output 


lower  output  voltages,  the  filament 
power  drain  is  a  larger  factor  and 
consequently  the  overall  efficiency  is 
less. 

900-Volt  Power  Supply 

Figure  1  is  the  circuit  used  for  a 
900-volt  supply  and  on  which  the 
performance  curves  of  Fig.  2  and  3 
are  plotted.  In  this  case,  the  ob¬ 
jective  was  a  single-control  con¬ 
stant-voltage  supply  that  could  be 
compared  for  cost  and  weight  with 
three  300-volt  batteries.  The  con¬ 
trol  is  necessary  in  order  to  adjust 
for  the  slow  drop  in  voltage  over 
the  useful  life  of  the  two  midget 
67i-volt  plate  and  neon  supply 
batteries. 

The  frequency  is  determined  by 
the  time  constant  of  the  RC  com¬ 
bination  in  the  neon  supply  circuit, 
by  the  particular  characteristics  of 
the  plate-circuit  choke,  and  to  a 
lesser  extent  by  the  supply  voltage. 
The  choke  is  a  UTC  0-5  hearing-aid 
transformer  with  primary  and 
secondary  connected  in  series.  The 
NE-2  neon  bulb  may  be  replaced 
by  a  NE-51,  which  is  a  based  type 
of  identical  characteristics.  In  oper¬ 
ation,  the  neon  bulb  glows  suffi¬ 
ciently  to  act  as  a  pilot  light.  Its 
characteristics  do  not  appear  to 
change  with  use.  A  half  dozen 
NE-2  and  a  couple  of  NE-51  bulbs 
have  been  tried  in  the  circuit  with 
inappreciable  differences  in  re¬ 
sponse. 

In  order  to  keep  the  battery  drain 
over  its  useful  life  at  about  1.1  ma 
or  less,  the  output  voltage  control 
was  placed  in  the  plate  circuit  and 
the  values  of  the  screen  dropping 
resistor  and  by-pass  capacitor  were 
adjusted  until  satisfactory  opera¬ 
tion  was  secured.  The  effect  of 
battery  aging  on  the  output  voltage 
at  two  settings  of  the  variable  re¬ 
sistor  is  plotted  in  Fig.  2.  The  in¬ 
troduction  of  resistance  in  the  plate 
circuit  decreases  the  efficiency  of 
the  circuit  when  a  new  battery  is  in¬ 
serted.  As  the  batteries  age,  the 
setting  is  advanced  and  the  effi¬ 
ciency  increases,  permitting  opera¬ 
tion  at  900  volts  output  over  a 
fairly  wide  range  in  battery  volt¬ 
age.  The  overall  power  •  transfor¬ 
mation  efficiency  at  the  900-volt 
operating  point  when  the  batteries 
are  new  is  13.2  percent.  For  ex¬ 
pended  batteries  (decreased  to  97 


volts),  the  overall  efficiency  is  17.0 
percent. 

Fig.  3A  shows  the  output  voltage 
regulation  as  a  function  of  the  ex¬ 
ternal  load,  as  would  be  produced 
by  a  G-M  tube  operating  at  high 
counting  rates.  This  would  be  con¬ 
sidered  adequate  for, a  G-M  tube 
having  a  normal  flat-plateau  char¬ 
acteristic.  If  the  G-M  tube  does 
not  have  a  flat  plateau,  the  voltage 
is  returned  to  the  proper  operating 
potential  by  adjusting  the  resist¬ 
ance  in  the  plate  circuit.  Such  re¬ 
adjustment  would  be  necessary  only 
at  counting  rates  of  several  hundred 
thousand  counts  per  minute. 

Battery-Aging  Effects 

The  effect  of  changing  filament 
voltage  on  output  voltage  is  given  in 
Fig.  3B.  The  data  recorded  was 
taken  at  135  volts  battery  supply. 
At  105  volts  battery  supply,  the 
curve  is  similar  with  very  little 
change  in  output  voltage  as  the 
filament  battery  decays  from  1.5  to 
0.8  volt. 

A  0.04-af  capacitor  was  selected 
for  convenient  physical  size  and 
low  cost  as  output  smoothing  ca¬ 
pacitor.  With  the  circuit  deliver¬ 
ing  900  volts  the  ripple  is  0.3  volt. 

The  weight  of  all  the  com¬ 
ponents  of  Fig.  1  including  batter¬ 
ies  is  2.1  lb.  Three  300-volt  batter¬ 
ies  weigh  2.8  lb.  The  two  67i-volt 
batteries  in  the  circuit  may  be  used 
as  low-current  plate  supply  in  asso¬ 
ciated  amplifier  circuits  fed  from 
the  G-M  tube.  With  a  900-volt  bat¬ 
tery  pack,  an  additional  low-voltage 
battery  is  required  for  the  pulse- 
amplifying  and  recording  circuits, 
adding  another  0.7  lb  to  the  weight 
of  the  battery  pack  system.  The 
total  cost  of  components  is  very 
nearly  the  same  as  the  cost  of  a 
900- volt  battery  pack.  On  the  other 
hand,  the  battery  replacement  cost 
for  the  neon-oscillator  circuit  is 


about  one  quarter  of  the  total  re¬ 
placement  cost  for  the  battery  pack 
system. 

Available  literature  on  67i-volt 
midget  battery  characteristics  in¬ 
dicates  that  the  circuit  of  Fig.  1 
should  operate  300  hours  at  6  hours 
per  day  intermittent  use  before  the 
batteries  must  be  replaced.  The 
unit  was  tested  continuously  for 
126  hours  at  900  volts  output  with¬ 
out  failure. 

The  high  peak  voltage  which  ap¬ 
pears  across  the  plate  of  the  output 
tube  suggests  the  possibility  of 
early  tube  breakdown.  A  circuit 
similar  to  Fig.  1,  but  using  the 
miniature  type  1U4  tube  and  higher 
plate  and  screen  voltage,  delivered 
1,900  volts  output  for  several  hours 
without  evidence  of  voltage  break¬ 
down.  Nevertheless,  with  a  d-c 
voltage  source,  three  type  1U4, 
with  plate  and  screen  connected  to¬ 
gether  and  tested  at  grid  bias  suffi¬ 
cient  to  limit  the  current  to  1.0  ma, 
broke  down  between  1,500  and  1,700 
volts.  Apparently,  the  tubes  with¬ 
stand  higher  instantaneous  voltages 
than  would  be  indicated  by  tests 
made  under  static  conditions. 

In  conclusion,  the  author  wishes 
to  extend  his  grateful  acknowledg¬ 
ment  to  R.  P.  Ghelardi  for  his  help¬ 
ful  counsel  and  encouragement  dur¬ 
ing  the  cour.se  of  this  inve.stigation. 
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Carrier-Frequency 

VOLTMETER 


Strength  of  signals  received  over  power  lines,  telephone  lines  and  cables  in  the  range 
between  20  and  500  kc  is  directly  indicated  in  db,  using  a  fixed-gain  double-superhetero¬ 
dyne  receiver.  A  built-in  calibration  oscillator  is  provided 
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The  carrier-frequency  voltmeter 
to  be  described  was  developed 
primarily  for  making  measure¬ 
ments  on  power  lines,  telephone 
lines  and  cables  in  the  region 
between  20  and  500  kc.  The  specifi¬ 
cations  to  which  the  instrument  per¬ 
forms  are  based  on  the  require¬ 
ments  of  the  Pacific  Gas  and 
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FIG.  1 — Fimc'ional  block  diagram 
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FIG.  2 — Complete  circuit  diagram  of  the  instrument 
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Referring  to  the  block  diagram 
of  Fig.  1  and  the  complete  sche¬ 
matic  of  Fig.  2,  the  input  filter  is 
of  the  bandpass  variety.  The  attenu¬ 
ator  consists  of  a  wire-wound  sec¬ 
tion  and  a  carbon-resistor  section, 
and  operates  in  10-db  steps. 

The  variable-frequency  oscillator 
beats  with  incoming  signals  in  the 
carrier-frequency  range  and  pro¬ 
duces  a  1,500-kc  signal  at  the  input 
of  an  adjustable-gain  i-f  amplifier. 
Temperature  stabilization  of  the 
vfo  is  accomplished  by  means  of  a 
variable  capacitor  consisting  of  two 
fixed  plates  about  i  inch  by  li 
inches  in  size  and  an  intermediate 
movable  plate  operated  by  a  2J-turn 
spiral  of  thermostatic  bimetal.  The 
output  of  the  1,500-kc  amplifier 
combines  in  a  second  detector  with 


Internal  constructs 

that  of  a  1,675-kc  crystal  oscillator 
to  produce  a  175-kc  signal  which  is 
fed  to  a  fixed-gain  i-f  amplifier. 
Output  of  the  175-kc  amplifier  goes 
to  a  third  detector.  The  audio  out¬ 
put  of  this  detector  drives  an  a-f 
amplifier  operating  a  headset  used 
for  monitoring.  The  d-c  output  of 
the  third  detector  operates  the  indi¬ 
cating  meter,  which  is  a  0-200  mi- 
croammeter. 

The  injection  oscillator  delivers 
0.77  volt  (0  db)  to  the  input  circuit 
of  the  instrument,  operating  at  100 
kc.  A  switch  permits  the  output  of 
the  injection-oscillator  monitoring 
diode  to  be  read  on  the  indicating 
meter  for  calibration  purposes. 
Adequate  signal  input  is  provided 


of  the  instrument 

so  frequency  calibration  of  har¬ 
monic  points  above  100  kc  on  the 
dial  can  be  checked  from  the  injec¬ 
tion  oscillator. 

Perforntcnce  Characteristics 

The  carrier-frequency  voltmeter 
will  handle  from  77  microvolts  to  77 
vo'ts  at  the  input,  or  80  db  below 
to  40  db  above  zero  level  (1  milli¬ 
watt  into  600  ohms).  Selectivity 
characteristics  are  approximately  6 
db  down  at  1  kc  off  resonance,  18  db 
down  at  3  kc  off  resonance  and  40 
db  down  at  7  kc  off  resonance. 

Input  impedance  is  10,000  ohms 
in  the  rejection  band,  and  approxi¬ 
mately  20,000  ohms  in  the  pass 
band. 
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Circuit  Details 


The  carrier-frequency^  Toltmeter 


Electric  Company.  Special  features 
were  suggested  by  engineers  of  the 
Bell  Telephone  System. 

The  instrument  is  essentially  a 
fixed-gain  double-superheterodyne 
radio  receiver  covering  the  required 
frequency  range.  The  d-c  output  of 
the  final  detector  operates  a  micro¬ 
ammeter  calibrated  in  db.  A  vari¬ 
able  attenuator,  connected  between 
the  input  terminals  and  the  first 
grid,  provides  a  wide  range  of  meas¬ 
urable  voltages.  An  injection  oscil¬ 
lator,  in  effect  a  signal  generator, 
is  included  to  facilitate  calibration. 
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Multichannel  Radio 

Developed  to  transmit  cosmic  ray  and  other  high-altitude  data,  the  Aerobee  telemetering 
system*  combines  a  high  degree  of  flexibility  and  package  design  with  light  weight  and 
small  volume.  Uses  special  circuits  for  transmitting  voltage  and  pressure  data 


Recently  publicized  work  in 
high-altitude  research  has 
been  highlighted  by  the  develop¬ 
ment  of  the  3,000-mile-per-hour 
Aerobee  sounding  rocket.  *  In  order 
to  collect  data  for  high-altitude 
studies,  a  telemetering  system  with 
a  high  degree  of  flexibility,  light 
weight,  and  small  volume  was 
needed. 

One  purpose  of  the  Aerobee  pro¬ 
gram  is  to  measure  cosmic  rays  at 
high  altitudes,  using  Geiger  tubes 
as  the  primary  end  instruments. 
These  tubes  feed  scaling-down  and 
thyratron  circuits,  the  outputs  of 
which  consists  of  negative  pulses  of 
short  duration  and  random  timing. 
The  telemetering  system  must  then 
transmit  these  pulses  as  faithfully 
as  possible  and  record  them  as  a 
function  of  the  cosmic  rays. 


FIG.  1  — Block  diagram  of  ground-ttotion 
•quipment  which  rocolTo*  and  records  tele¬ 
metered  information 
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Additional  requirements  imposed 
upon  the  system  include  measure¬ 
ments  of  several  different  pressures 
in  the  missile,  and  a  variety  of  d-c 
voltages,  both  positive  and  negative. 

The  Telemetering  System 

The  basic  telemetering  system 
now  being  used  is  of  the  frequency- 
division  type,  utilizing  six  audio 
subcarrier  bands  whose  oscillators 
are  frequency-modulated  by  end  in¬ 
struments  actuated  by  the  intelli¬ 
gence  to  be  transmitted.  Frequency 
response  for  the  bands  is  approxi¬ 
mately  60  cps  and  is  presently 
limited  by  the  response  time  of  the 
recording  galvanometers  used. 

A  method  of  measuring  higher 
frequency  components  lies  in  the 
use  of  a  multivibrator  oscillating  at 
50  kc,  which  is  frequency-modulated 
by  the  signal  voltage.  Response  of 
this  unit  is  good  to  10  kc.  The  out¬ 
put  of  this  oscillator  modulates  the 
radio  transmitter  directly  and,  for 
recording,  a  50-kc  discriminator  is 
employed,  the  output  driving  a  re¬ 
cording-camera-type  oscilloscope. 
Frequency  ^and  amplitude  may  be 
read  from  the  film  obtained  from 
this  method. 

The  subcarrier  oscillators  are  de¬ 
signed  to  be  used  in  any  band  and 
give  a  varying  frequency  output  as 
a  function  of  the  input  intelligence. 
The  simplest  type  of  oscillator,  for 
measuring  pressures,  utilizes  an 
iron-core  coil  whose  inductance  is 
varied  by  a  mu-metal  slug  attached 


to  a  flexible  diaphragm  to  which  the 
varying  pressure  is  applied.  Other 
types  of  oscillators  are  more  com¬ 
plex  in  order  to  measure  such  vari¬ 
ables  as  temperature,  voltage  and 
strains,  but  all  perform  in  the  same 
manner  to  give  a  frequency-modu¬ 
lated  audio  signal. 

The  outputs  of  the  oscillators  are 
adjusted  to  proper  level,  mixed  to¬ 
gether  through  an  isolating  net¬ 
work,  and  the  complex  voltage  is 
applied  to  the  grid  of  a  reactance 
tube  in  an  f-m  transmitter,  giving 
direct  frequency  modulation. 

The  ground  station  equipment  for 
recording  the  transmitted  signal 
consists  of  an  f-m  receiver,  a  set  of 
audio  discriminators,  and  a  multi¬ 
channel  recording  oscillograph.  The 
receiver  detects  and  demodulates 
the  transmitted  signal  in  normal 
f-m  fashion,  and  the  complex  audio 
output  is  applied  to  a  set  of 
filters  in  the  audio  discriminators. 
These  filters  are  of  the  band-pass 
type  tuned  to  cover  the  respective 
subcarrier  bands  and  have  sub¬ 
stantially  flat-topped  response  in¬ 
side  the  band,  with  steep  skirts  at 
each  end.  Each  filter  output  is  then 
passed  through  limiter  and  clipper 
stages  and  is  fed  to  a  vuned  audio 
discriminator  whose  output  is 
linear  with  frequency.  A  cathode- 
coupled  push-pull  power  output 
stage  drives  a  string  in  the  oscillo¬ 
graph  for  the  actual  photographic 
record.  A  block  diagram  of  the 
ground  station  equipment  is  shown 
in  Fig.  1.  Auxiliary  equipment  in 
the  ground  station  includes  a 
large  disc-recorder  for  simultaneous 
recording  and  interpolation  oscil¬ 
lators  for  calibrating  the  audio 
discriminators. 
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-Back  riew  of  audio  case  showing  commutating  switch  and  voltage-controlled 
oscillator.  This  unit  weighs  about  5  pounds 


FIG  3  — Front  view  of  r-i  portion  of  the 
telemetering  transmitter 


storage  battery  driving  a  bank  of 
dynamotors,  with  'three  allotted 
to  telemetering.  These  dynamotors 
furnish  approximately  220  volts  at 
60  ma,  although  one  may  give  as 
high  as  400  volts  to  supply  the 
transmitter  final  stage.  Filament 
supply  is  taken  from  an  8-volt  tap 
on  the  main  battery  and  is  adjusted 
to  6  volts  by  a  resistor. 

Audio  Chassis 


each  one.  Figure  4  shows  the  block 
diagram  of  the  unit  used  in  recent 
tests.  Provision  for  the  separation 
relay  and  commutating  switch  is 
included  in  all  types  and  may  be  left 
out  if  not  needed  for  the  particular 
application  at  hand. 

Two  basic  types  of  subcarrier 
oscillators  are  used:  the  TOL-IA 
inductance  oscillator  for  pressure 
measurements,  and  the  TOE-IA 
voltage-controlled  oscillator  for 
voltage  measurements,  including 
cosmic  pulses.  These  units  are  di¬ 
mensioned  in  a  multiple  system  of 


The  Aerobee  telemetering  system, 
as  supplied  to  the  user  group,  is 
broken  down  into  two  parts:  the 
audio  case  and  the  r-f  transmitter. 

These  units  are  mounted  separately 
in  the  missile  and  are  connected  by 
a  cable. 

The  audio  case  is  of  aluminum 
construction,  occupies  a  volume  of 
281  cubic  inches  and  has  a  maxi¬ 
mum  weight  of  five  pounds.  The 
use  of  commutation  and  switching 
of  oscillators  increases  the  amount  Three  types  of  audio  systems 
of  data  which  may  be  transmitted  have  been  produced  to  date,  with 
and  a  maximum  of  fourteen  oscilla-  different  electrical  requirements  for 
tors  is  provided  for  in  the  unit.  A 
complete  audio  unit  is  shown  in 
Fig.  2. 

The  transmitter  is  also  of  alumi¬ 
num  construction,  has  a  volume  of 
60  cubic  inches  and  weighs  li  lb 
including  cover  and  mounting  plate. 

Figure  3  shows  a  front  view  of  the 
transmitter.  Excitation  of  the  mis¬ 
sile  is  employed  to  radiate  the  r-f 
signal  and  is  accomplished  by 
means  of  an  insulated  spike 
mounted  in  the  nose.  A  slug-tuned 
loading  coil  couples  the  spike  to  the 
transmitter  through  a  coax  cable. 

Power  for  telemetering  is  sup¬ 
plied  from  the  missile  power  supply 
system,  consisting  of  28  volts  of 
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FIG.  4  — Block  diagram  of  audio  cose  used  in  recent  Aerobee  flights 
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Multichannel  Radio 


Developed  to  transmit  cosmic  ray  and  other  high-altitude  data,  the  Aerobee  telemetering 
system  combines  a  high  degree  of  flexibility  and  package  design  with  light  weight  and 
small  volume.  Uses  special  circuits  for  transmitting  voltage  and  pressure  data 


to  a  flexible  diaphragm  to  which  the 
varying  pressure  is  applied.  Other 
types  of  oscillators  are  more  com¬ 
plex  in  order  to  measure  such  vari¬ 
ables  as  temperature,  voltage  and 
strains,  but  all  perform  in  the  same 
Additional  requirements  imposed  manner  to  give  a  frequency-modu- 
upon  the  system  include  measure-  lated  audio  signal, 
ments  of  several  different  pressures  The  outputs  of  the  oscillators  are 
in  the  missile,  and  a  variety  of  d-c  adjusted  to  proper  level,  mixed  to- 
voltages,  both  positive  and  negative,  gether  through  an  isolating  net¬ 
work,  and  the  complex  voltage  is 
applied  to  the  grid  of  a  reactance 
tube  in  an  f-m  transmitter,  giving 
direct  frequency  modulation. 

The  ground  station  equipment  for 
recording  the  transmitted  signal 
consists  of  an  f-m  receiver,  a  set  of 
audio  discriminators,  and  a  multi¬ 
channel  recording  oscillograph.  The 
receiver  detects  and  demodulates 
the  transmitted  signal  in  normal 
f-m  fashion,  and  the  complex  audio 
output  is  applied  to  a  set  of 
Alters  in  the  audio  discriminators. 
These  Alters  are  of  the  band-pass 
type  tuned  to  cover  the  respective 
subcarrier  bands  and  have  sub¬ 
stantially  flat-topped  response  in¬ 
side  the  band,  with  steep  skirts  at 
each  end.  Each  filter  output  is  then 
passed  through  limiter  and  clipper 
stages  and  is  fed  to  a  tuned  audio 
discriminator  whose  output  is 
linear  with  frequency.  A  cathode- 
coupled  push-pull  power  output 
stage  drives  a  string  in  the  oscillo¬ 
graph  for  the  actual  photographic 
record.  A  block  diagram  of  the 
ground  station  equipment  is  shown 
in  Fig.  1.  Auxiliary  equipment  in 
the  ground  station  includes  a 
large  disc-recorder  for  simultaneous 
recording  and  interpolation  oscil¬ 
lators  for  calibrating  the  audio 
discriminators. 


Recently  publicized  work  in 
high-altitude  research  has 
been  highlighted  by  the  develop¬ 
ment  of  the  3,000-mile-per-hour 
Aerobee  sounding  rocket.  •  In  order 
to  collect  data  for  high-altitude 
studies,  a  telemetering  system  with 
a  high  degree  of  flexibility,  light 
weight,  and  small  volume  was 
needed. 

One  purpose  of  the  Aerobee  pro¬ 
gram  is  to  measure  cosmic  rays  at 
high  altitudes,  using  Geiger  tubes 
as  the  primary  end  instruments. 
These  tubes  feed  scaling-down  and 
thyratron  circuits,  the  outputs  of 
which  consists  of  negative  pulses  of 
short  duration  and  random  timing. 
The  telemetering  system  must  then 
transmit  these  pulses  as  faithfully 
as  possible  and  record  them  as  a 
function  of  the  cosmic  rays. 
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The  Telemetering  System 

The  basic  telemetering  system 
now  being  used  is  of  the  frequency- 
division  type,  utilizing  six  audio 
subcarrier  bands  whose  oscillators 
are  frequency-modulated  by  end  in¬ 
struments  actuated  by  the  intelli¬ 
gence  to  be  transmitted.  Frequency 
response  for  the  bands  is  approxi¬ 
mately  60  cps  and  is  presently 
limited  by  the  response  time  of  the 
recording  galvanometers  used. 

A  method  of  measuring  higher 
frequency  components  lies  in  the 
use  of  a  multivibrator  oscillating  at 
50  kc,  which  is  frequency-modulated 
by  the  signal  voltage.  Response  of 
this  unit  is  good  to  10  kc.  The  out¬ 
put  of  this  oscillator  modulates  the 
radio  transmitter  directly  and,  for 
recording,  a  50-kc  discriminator  is 
employed,  the  output  driving  a  re- 
cording-camera-type  oscilloscope. 
Frequency  ^and  amplitude  may  be 
read  from  the  film  obtained  from 
this  method. 

The  subcarrier  oscillators  are  de¬ 
signed  to  be  used  in  any  band  and 
give  a  varying  frequency  output  as 
a  function  of  the  input  intelligence. 
The  simplest  type  of  oscillator,  for 
measuring  pressures,  utilizes  an 
iron-core  coil  whose  inductance  is 
varied  by  a  mu-metal  slug  attached 


400  CPS 
REF.  FREQ. 


F-M 

RECEIVER 


BAND-PASS 
FILTER  I 
g3KCtr5% 


A-F  LIMITER 
AND  OISCRN- 
INATOR  I 


BAND-PASS 
FILTER  6 
|g.3KC±73% 


A-F  LIMITER 
AND  DISCRIM¬ 
INATOR  6 


FIG.  1  — Block  diagram  of  ground-station 
•guipment  which  recoives  ond  records  tele¬ 
metered  iniormatlon 


December,  1945— ELECTRONICS 


BAND-PASS 
FILTER  2 
SKC±7.5X 

H 

A-F  LIMITER 
AND  DISCRIM¬ 
INATOR  e 

BAND-PASS 
FILTER  3 
3.9KC±7.S% 

A-F  LIMITER 
AND  DISCRIM¬ 
INATOR  3 

BAND-PASS  1 
FILTER  4 
5.4KCt75%i 

A-F  LIMITER 
AND  DISCRIM¬ 
INATOR  4 

BAND-PASS 
FILTER  5 
r3SKCt75% 

H 

A-F  LIMITER 
AND  DISCRIM¬ 
INATOR  5 

£ 

FIG.  2  — Back  Tiew  of  audio  caie  showing  commutating  switch  and  yoltage-controlled  FIG  3  ‘ — Front  Tiow  of  r-i  portion  of  the 
oscillator.  This  unit  weighs  about  5  pounds  telemetering  transmitter 


The  Aerobee  telemetering  system, 
as  supplied  to  the  user  group,  is 
broken  down  into  two  parts:  the 
audio  case  and  the  r-f  transmitter. 
These  units  are  mounted  separately 
in  the  missile  and  are  connected  by 
a  cable. 

The  audio  case  is  of  aluminum 
construction,  occupies  a  volume  of 
281  cubic  inches  and  has  a  maxi¬ 
mum  weight  of  five  pounds.  The 
use  of  commutation  and  switching 
of  oscillators  increases  the  amount 
of  data  which  may  be  transmitted 
and  a  maximum  of  fourteen  oscilla¬ 
tors  is  provided  for  in  the  unit.  A 
complete  audio  unit  is  shown  in 
Fig.  2. 

The  transmitter  is  also  of  alumi¬ 
num  construction,  has  a  volume  of 
60  cubic  inches  and  weighs  li  lb 
including  cover  and  mounting  plate. 
Figure  3  shows  a  front  view  of  the 
transmitter.  Excitation  of  the  mis¬ 
sile  is  employed  to  radiate  the  r-f 
signal  and  is  accomplished  by 
means  of  an  insulated  spike 
mounted  in  the  nose.  A  slug-tuned 
loading  coil  couples  the  spike  to  the 
transmitter  through  a  coax  cable. 

Power  for  telemetering  is  sup¬ 
plied  from  the  missile  power  supply 
system,  consisting  of  28  volts  of 
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storage  battery  driving  a  bank  of 
dynamotors,  with  three  allotted 
to  telemetering.  These  dynamotors 
furnish  approximately  220  volts  at 
60  ma,  although  one  may  give  as 
high  as  400  volts  to  supply  the 
transmitter  final  stage.  Filament 
supply  is  taken  from  an  8-volt  tap 
on  the  main  battery  and  is  adjusted 
to  6  volts  by  a  resistor. 

Audio  Chassis 

Three  types  of  audio  systems 
have  been  produced  to  date,  with 
different  electrical  requirements  for 


each  one.  Figure  4  shows  the  block 
diagram  of  the  unit  used  in  recent 
tests.  Provision  for  the  separation 
relay  and  commutating  switch  is 
included  in  all  types  and  may  be  left 
out  if  not  needed  for  the  particular 
application  at  hand. 

Two  basic  types  of  subcarrier 
oscillators  are  used:  the  TOL-IA 
inductance  oscillator  for  pressure 
measurements,  and  the  TOE-IA 
voltage-controlled  oscillator  for 
voltage  measurements,  including 
cosmic  pulses.  These  units  are  di¬ 
mensioned  in  a  multiple  system  of 
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lengths,  the  TOE-IA  being  twice  as 
long  as  the  TOL-IA.  Since  both  os¬ 
cillators  are  the  same  width,  two 
TOL-IA  oscillators  occupy  the  same 
space  as  one  ,T0E-1A  and  these 
units  may  be  interchanged  in  this 
fashion.  A  total  of  lOt  TOE-IA  os¬ 
cillators  may  be  used  or  8  type  TOL- 
IA  oscillators  in  combination  with 
6  TOE-IA  oscillators  to  give  14 
channels  of  information.  The  verti¬ 
cal  mounting  panel  in  the  case  is 
drilled  and  tapped  in  universal 
fashion  in  order  to  take  a  variety 
of  the  two  oscillators.  Replacement 
or  addition  of  oscillators  on  either 
side  of  the  panel  is  readily  accom¬ 
plished  in  a  short  time. 

The  inductance-oscillator  circuit 
for  pressure  measurements  utilizes 
a  single  tube,  the  subminiature  type 
6K4.  The  pressure  gauge  forms  the 
inductance  of  the  tank  circuit  of  the 
oscillator,  a  change  in  pressure 


FIG.  5 — Schematic  diagram  of  sub-carrier 
oscillator  with  variable  inductance  end  in¬ 
strument 


varying  the  spacing  of  a  mu-metal 
pad  with  respect  to  the  iron-core 
coil.  The  gauge  is  mounted  remotely 
from  the  oscillator  unit  and  the  two 
are  connected  together  by  a  three- 
wire  cable.  Band  selection  is  ac¬ 
complished  by  tuning  to  the  desired 
frequency  by  means  of  mica  capaci¬ 
tors  connected  across  the  gauge  coil 
and  mounted  in  the  oscillator  unit. 
Current  drain  for  the  oscillator  is 
approximately  3  ma  at  108  volts 
while  filament  drain  is  150  ma  at  6 
volts.  The  circuit  is  shown  in  Fig.  5. 

.  The  TOE-IA  voltage-controlled 
oscillator  is  a  four-section  phase- 
shift  oscillator  using  three  tubes. 
The  resistance  of  one  leg  of  the 
phase-shift  network  is  supplied  by  a 
modulator  tube,  which  has  its  plate 
resistance  varied  by  the  voltage 
under  measurement  applied  to  the 
modulator  grid.  A  miniature  tri- 
ode,  the  6C4,  is  used  for  the  modula¬ 
tor  ;  a  subminiature  828A  pentode  is 
used  for  the  oscillator  stage,  and  a 
6K4  functions  as  a  cathode  follower. 

Since  the  cosmic-ray  instru¬ 
mentation  output  is  in  the  form  of 
negative  pulses,  the  TOE-IA  oscilla¬ 
tor  operates  over  the  range  from 
zero  to  —10  volts.  With  zero  input 
to  the  modulator,  the  oscillator  fre¬ 
quency  is  at  the  top  end  of  the  band. 
For  the  —10  volt  condition,  the  fre¬ 
quency  shifts  downward  to  the  low 
end  of  the  band,  giving  a  total 
change  of  15  percent  in  frequency. 
Pulsing  of  the  oscillator  is  straight¬ 
forward  and  has  given  very  good 
results. 


In  addition  to  the  cosmic-ray 
pulse  service,  the  TOE-IA  has  also 
been  used  to  telemeter  the  operation 
of  the  emergency  fuel  cut-off  re¬ 
ceiver  in  the  missile  by  measuring 
the  limiter-grid  voltage  and  the  out¬ 
put  thyratron  grid  and  cathode  volt¬ 
ages. 

Modulation  sensitivity  is  a  cou> 
start  percentage  function  for  all 
bands,  the  zero  to  —10  range  giving 
full  bandwidth  in  each  case.  Sensi¬ 
tivity  in  cycles  per  volt  varies  from 
35  cycles  per  volt  on  band  1  to  200 
cycles  per  volt  on  band  6.  The  cir¬ 
cuit  diagram  is  given  in  Fig.  6.  B-f 
current  drain  for  the  oscillator  is 
3.5  to  4  ma  at  108  volts  and  A-f 
drain  is  450  ma  at  6  volts.  Band  se¬ 
lection  is  carried  out  by  installing 
four  mica  capacitors  in  the  phase- 
shift  network  and  tuning  to  exact 
frequency  with  a  small  mica  capac¬ 
itor  in  parallel  with  the  input  capac¬ 
itor  of  the  network. 

Two  separate  regulated  B  voltage 
supplies,  with  OB-2  miniature  regu¬ 
lator  tubes,  are  used  in  the  audio 
case.  These  tubes  are  fed  from 
separate  dynamotors  whose  output 
voltage  may  vary  over  a  wide  range, 
due  to  load  conditions  or  drop  in 
primary  battery  voltage.  All  oscil¬ 
lators  operate  at  a  common  value  of 
108  volts  and  may  be  interchanged 
from  one  supply  to  the  other,  with 
no  change  in  calibration,  and  with 
good  stability. 

Provision  for  extra  data  beyond 
the  normal  six  channels  is  accom¬ 
plished  in  two  ways:  commutation, 
and  channel  switching  by  means  of 
a  relay.  For  commutation,  a  motor- 
driven  cam-type  switch  using  a 
maximum  of  four  Aero  snap-action 
switches  is  used  to  switch  outputs 
of  the  oscillators  at  a  rate  of  ap¬ 
proximately  four  samples  per 
second.  A  long  cam-section  gives 
an  identifying  mark  for  the  record. 

The  relay  switching  system 
serves  to  substitute  oscillators  dur¬ 
ing  flight  and  is  applied  in  regard  to 
booster  action.  Booster  pressure  is 
measured  until  separation,  at  which 
time  the  relay  coil,  normally  ener¬ 
gized,  is  de-energized  by  a  pull-out 
plug  on  the  booster.  The  booster 
pressure  oscillators  are  turned  off 
while  another  set  is  turned  on.  By 
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FIG.  7 — Telemetering  record  from  recent  firing  at  Almagordo.  Missile  near  peak  of 

trajectory 


grouping  outputs  and  switching 
with  the  3-pole,  double-throw  relay 
normally  used,  any  desired  oscil¬ 
lator-time  sequence  may  be  ob¬ 
tained. 

Output  voltages  from  all  oscilla¬ 
tors  are  fed  to  a  terminal  board 
where  each  voltage  is  adjusted  to 
proper  level  by  means  of  individual 
voltage  dividers.  Provision  is  made 
for  commutating  at  the  same  board 
as  well  as  grouping  of  outputs  for 
the  separation  relay. 

Connections  to  the  audio  case  are 
accommodated  by  three  plugs 
mounted  on  one  end  of  the  case.  The 
largest,  a  19-pin  AN  connector,  con¬ 
nects  all  end  instruments  to  their 
oscillators.  The  second  plug,  a  10- 
pin  AN  connector,  supplies  all 
power  and  control  circuits,  while  the 
third,  a  5-pin  connector,  connects 
the  r-f  transmitter  to  the  case  and 
furnishes  power  and  audio  input  to 
the  transmitter. 

The  Transmitter 

The  f-m  transmitter  (Fig.  3)  is 
a  multistage  unit  with  a  reactance- 
modulated  oscillator,  a  frequency- 
doubler  stage,  and  a  2E26  tetrode 
final  amplifier.  Miniature  tubes  are 
used  in  the  low-power  stages,  and 
are  readily  replaced  in  case  of 
failure. 

The  low-power  stages  are  sup¬ 
plied  with  200  volts  with  a  current 
drain  of  approximately  40  ma,  while 
the  B  voltage  for  the  final  amplifier 
may  be  250  to  400  volts  supplied 
from  a  separate  dynamotor.  Cur¬ 
rent  drain  varies  between  50  and  85 
ma  between  the  above  limits.  Total 
filament  drain  is  1.4  amp  at  6  volts. 

Deviation  of  the  transmitter  is 
set  at  ±  65  kc  for  1  volt  rms  input 
to  the  reactance  tube  grid  and  har¬ 
monic  distortion  is  less  than  2  per¬ 
cent  for  this  condition. 

Tuning  is  accomplished  by  means 
of  silver-plated  slugs  in  all  coils  ex¬ 
cept  the  final  amplifier,  eliminating 
the  need  for  variable  capacitors. 
Tuning  of  the  transmitter  is  con¬ 
ventional  and  straightforward.  A 
low  impedance  link  and  coax  cable 
couple  the  output  to  the  missile 
nose-spike. 

To  facilitate  rapid  production  of 
complete  systems  for  future  use, 


emphasis  was  placed  on  simplicity 
of  design.  The  units  are  produced 
in  two  definite  phases.  In  the  first, 
the  units  are  assembled  in  large 
numbers  and  held  in  stock  for  fu¬ 
ture  use.  Separate  calibration 
curves  are  supplied  with  each  audio 
unit  and  they  are  used  in  the  final 
phase,  the  calibration  of  the  basic 
units. 

Results  of  Firings 

The  first  round,  fired  in  Novem¬ 
ber,  1947,  reached  an  altitude  of  ap¬ 
proximately  200,000  feet.  It  was 
found  necessary  to  cut  off  the  rocket 
motor  during  flight  since  the  missile 
drifted  out  of  the  prescribed  tra¬ 
jectory  limits.  An  emergency  cut¬ 
off  receiver  in  the  missile,  triggered 
from  the  ground,  was  telemetered 
and  the  record  proved  of  value  in 
determining  the  point  of  cutoff,  as 
well  as  operation  of  the  receiver 
during  the  critical  part  of  flight. 

The  second  round,  fired  March  5, 
1948,  proved  even  more  successful. 
This  missile  attained  an  altitude  of 
78  miles  and  a  wealth  of  useful  cos¬ 
mic-ray  data  was  obtained  from  the 
telemetering  records.  Four  chan¬ 
nels  of  intelligence  were  devoted  to 
cosmic  rays,  one  to  missile  aspect, 
and  the  sixth  was  commutated  to 


telemeter  four  rocket  motor  pres¬ 
sure  functions.  All  channels  func¬ 
tioned  without  failure  and  signal 
strength  from  the  missile  held  up 
well  during  the  flight  despite  the 
fact  that  the  r-f  transmitter  had 
low  voltage  applied  to  the  final  am¬ 
plifier  stage  and  was  giving  less 
than  5  watts  output.  A  portion  of 
the  record  of  this  flight,  recorded  at 
Almagordo  station  some  43  miles 
from  the  firing  tower,  is  shown  in 
Fig.  7. 

The  third  round,  fired  in  April, 
1948,  was  designed  to  measure  the 
magnetic  field  of  the  earth  and 
reached  the  same  altitude  as  round 
number  2.  Data  channels  were  sim¬ 
ilar  to  those  in  round  number  2, 
with  magnetometer  output  voltages 
substituted  for  cosmic-rays.  Tele¬ 
metering  was  .successful  for  some 
326  seconds  of  flight. 

The  telemetering  unit  described 
in  this  article  was  designed  by  the 
writer  using  the  basic  Applied 
Physics  Laboratory  subminiature 
f-m/f-m  system  developed  by  the 
Telemetering  Group  at  The  Johns 
Hopkins  University.  At  present, 
the  production  of  the  Aerobee  tele¬ 
metering  equipment  is  being  done 
by  the  Pacific  Division  of  Bendix 
Aviation  Corporation. 
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The  early  orthoacoustic  phono¬ 
graphs  depended  on  the  driv¬ 
ing  power  of  the  turntable  motor  to 
produce  the  sound.  The  motor 
turned  the  record,  the  groove  of 
which  vibrated  the  needle,  and  the 
needle  in  turn  drove  the  diaphragm 
in  the  throat  of  the  horn.  The 
grooves  had  to  be  rugged  and  the 
pickup  stylus  large  in  order  to  pro¬ 
duce  a  loud  acoustic  output.  Under 
these  conditions  the  record  had  to 
be  turned  at  high  speed  to  provide 
sufficient  frequency  range. 

Because  the  industry  has  devel¬ 
oped  high-gain  electronic  ampli¬ 
fiers,  dynamic  loudspeakers  and 
sensitive  phonograph  pickups  to 
the  point  where  they  are  reliable 
consumer  goods,  it  is  no  longer 
necessary  to  use  a  record  designed 
to  produce  sound  directly.  Groove 
deviation  need  be  only  great  enough 
to  maintain  the  signal  sufficiently 
above  the, surface  noise;  the  stylus 
tip  need  only  be  large  enough  to 
provide  tracking  for  low-compli¬ 
ance  low-inertia  electrical  pickup 
cartridges.  The  analyses  of  these 
considerations,  on  which  the  long- 
playing  record  (Electronics,  p  86, 
Sept.  1948)  was  designed,  were 
presented  in  a  paper  by  Peter  C. 
Goldmark  and  Ren6  Snepvangers 
of  Columbia  Broadcasting  System 
and  William  S.  Bachman  of  Colum¬ 
bia  Records  before  the  New  York 
Section  of  the  IRE  in  September. 
Here  is  a  discussion  of  the  high¬ 
lights  of  the  paper;  it  will  be  pub¬ 
lished  in  its  entirety  in  the  Proc. 
IRE. 

Design  Factors  Evaluated 

The  public’s  familiarity  with 
phonograph  records  makes  it  desir¬ 
able  to  solve  the  problem  of  pro¬ 
viding  uninterrupted  music  repro¬ 
duction  by  using  records  as  the 
basic  medium.  A  study  of  the  play¬ 
ing  time  for  classical  compositions 
shov/s  the  average  to  be  about  40 
minutes.  Thus,  if  a  record  were  to 
accommodate  20  minutes  of  playing 
time  on  a  side,  it  would  accommo¬ 
date  most  compositions.  One  record 
would  then  replace  an  album  of  sev¬ 
eral  and  therefore  save  the  con¬ 
sumer  money  and  storage  space,  as 
well  as  90  percent  in  total  weight. 
For  these  reasons,  the  possibility 
of  producing  a  long-playing  record 
seemed  desirable. 


200  900  SOO  l/>00  IfiOO  SfiOO  SfiOO  lOflOO  20,000 
FREQUENCY  IN  CYCLES  PER  SECOND 


To  evaluate  the  various  types  of  records,  their  inherent  properties  ore  compared 
to  the  irequency-omplitude  spectrum  they  have  to  accommodate 


Design  of 
L-P  RECORDS 


From  geometric  considerations, 
the  maximum  playing  time  was 
found  to  be  obtained  if  the  inside 
recording  diameter  was  half  the 
outside  diameter.  To  use  a  smaller 
inside  diameter  would  require  a 
higher  rate  of  revolution  (to 
maintain  the  same  minimum  linear 
velocity  at  the  innermost  groove), 
thus  decreasing  the  playing  time. 
A  larger  inside  diameter,  reducing 
the  number  of  grooves,  would  de¬ 
crease  the  playing  time  more  than 
the  permissible  decrease  in  record 
speed -would  increase  it. 

With  a  12-inch  record,  the  out¬ 
side  recording  diameter  of  which 
is  11.5  inches,  the  inside  diameter 
would  thus  be  6.5  inches.  Although 
at  this  point  the  design  of  the  rec¬ 
ord  might  be  achieved  by  finding 
the  linear  velocity  and  the  tip 
radius  of  the  stylus  necessary  to 
reproduce  the  required  high  fre¬ 
quency,  it  is  simpler  to  arbitrarily 
decide  on  a  turntable  speed  (linear 
velocity).  As  low  a  speed  as  pos¬ 
sible  is  desirable,  but  too  low  a 
speed  would  create  serious  prob¬ 
lems  of  rumble.  Because  so  much 
experience  has  been  gained  with 
transcription  equipment  operating 


at  33J  rpm,  this  speed  was  chosen. 
At  this  speed,  230  grooves  per  inch 
are  necessary  to  provide  20  minutes 
of  playing  time;  the  nearest  prac¬ 
tical  value  is  224  grooves  per  inch. 
The  peak  groove  displacement,  for 
224  grooves  per  inch  is  thus  0.0009 
inch  and  the  linear  velocity  of  the 
innermost  groove  is  about  9.6  inches 
per  second. 

The  wide  frequency  response  of 
frequency-modulated  broadcasting 
and  of  professional  wire  recorders 
suggests  that  improvements  in  the 
frequency  range  of  records  are  also 
in  order.  To  meet  this  require¬ 
ment,  a  frequency  range  from  30 
to  above  10,000  cps  is  desirable. 

Relative  Performance 

By  way  of  evaluating  the  long- 
playing  record  having  these  char¬ 
acteristics,  its  performance  was 
compared  to  that  of  conventional 
78-rpm  records  and  transcriptions. 
To  establish  an  analytical  basis  for 
comparison,  the  condition  where 
the  radius  of  the  reproducing  sty¬ 
lus  and  the  minimum  radius  of 
curvature  of  the  recorded  wave  are 
equal  was  arbitrarily  chosen  as  the 
limiting  condition,  and  the  corre- 
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A  DMdl*  tip  of  ono-mil  radioi.  a  tracking  weight  of  about  6  grams  and  224  groores  per 
inch  characterise  pressings  that  con  contain  from  30  to  aboTe  1 5.000  cps 


Choice  of  groove  width  and  spacing  of  long-playing  records 
is  based  on  considerations  of  playing  time  of  classical  com¬ 
positions,  minimum  linear  velocity,  tracking,  maximum 
deviation,  and  cost 


spending  frequency  termed  the  lim¬ 
iting  frequency.  This  condition  is 
reached  when  fi.  =  V/2it(Rtr,D)'^ 
where  ft  is  the  limiting  frequency, 
V  is  the  linear  velocity,  Rt,r  is  the 
effective  radius  of  the  reproducing 
stylus,  and  D  is  the  groove  devia¬ 
tion.  This  equation  shows  that,  if 
the  deviation  is  very  small,  the 
limiting  frequency  can  be  very 
high. 

The  limiting  frequencies  for  the 
three  types  of  records  are  tabulated 
on  the  accompanying  diagram.  If 
the  frequency  is  greater  than  the 
limiting  value,  the  deviation  for 
equal  radius  of  needle  tip  and 
groove  modulation  must  be  made 
less  than  maximum.  This  consider¬ 
ation  establishes  a  usable  deviation 
as  a  function  of  frequency. 

The  percent  usable  deviation  for 
the  inside  groove  of  the  three  types 
of  records  is  also  shown  in  the  dia¬ 
gram  as  a  function  of  frequency. 
Full  deviation  is  0.002  inch  for  78- 
rpm  records,  0.0011  inch  for  tran¬ 
scriptions  and  0.0009  ^rheh  for  L-P 
records;  inside  groove  diameters 
are  respectively  4,  8  and  9.6  inches. 

Another  way  to  evaluate  the  rec¬ 
ords  is  on  the  basis  of  the  harmonic 


distortion  produced  in  tracing  the 
grooves.  Because  of  the  symmetry 
of  this  tracing  error,  there  will  be 
no  second  harmonic  distortion. 
However,  there  will  be  third  har¬ 
monic  distortion.  In  this  way  it  is 
found  that,  for  the  inside  groove 
and  at  any  given  frequency,  the 
relative  tracing  distortions  at  max¬ 
imum  deviation  of  the  systems  are 
T„/T^j.  =  5.35  and  =  1.91. 

Thus  the  tracing  distortion  of  L-P 
records  is  about  a  fifth  that  of 
78-rpm  records  and  about  half  that 
of  transcriptions.  Were  it  not  that 
the  maximum  displacement  of  the 
groove  was  rarely  required  at  high 
frequencies  (above  the  limiting 
frequency),  the  tracing  distortion 
from  all  three  recording  systems 
would  be  excessive. 

These  inherent  limitations  of  the 
recording  systems,  to  be  indicative 
of  their  practical  abilities  to  accom¬ 
modate  actual  program  material, 
need  to  be  evaluated  in  terms  of  the 
amplitude-frequency  content  of  the 
recorded  material.  The  diagram 
shows  the  most  probable  energy 
distribution  curve  for  a  75-piece  or¬ 
chestra  as  determined  by  Fletcher. 
The  recording  characteristic  of  the 


L-P  record  is  also  shown,  together 
with  the  NAB  recording  character¬ 
istic  for  comparison.  (The  L-P 
characteristic  has  a  slight  bass  lift 
to  reduce  rumble  and  hum  level.) 
The  most  probable  recording  veloc¬ 
ity  distributions  can  be  obtained  by 
adding  ordinates  (in  db)  of  the 
two  curves.  The  resultant  curve 
shows  that  the  most  probable  amp¬ 
litudes  lie  below  the  maximum 
limits  determined  by  the  limiting 
frequency  and  usable  deviation  for 
all  three  types  of  recording.  How¬ 
ever,  L-P  records  lie  further  from 
the  required  curve  than  the  others 
and  can  be  expected  to  have  less 
distortion. 

Phonograph  Pickups 

As  indicated  earlier,  the  possi¬ 
bility  of  using  the  L-P  recording 
system  depends  on  technological 
development  of  pickups  that  re¬ 
quire  very  low  driving  force  at 
their  styli  and  have  high  sensitiv¬ 
ity.  The  use  of  Vinylite  as  the 
record  base  reduces  the  surface 
noise  so  that  even  with  the  small 
recorded  groove  deviations  the 
signal-noise  ratio  is  acceptable.  The 
use  of  lightweight  pickups  further 
improves  this  ratio  so  that  a  dy¬ 
namic  range  of  45  db  with  an  ac¬ 
ceptable  background  noise  level  is 
obtained. 

The  development  of  suitable  pick¬ 
ups  was  a  part  of  the  overall  pro¬ 
gram.  The  needle  radius  should  be 
0.001  inch  plus  or  minus  10  per¬ 
cent.  A  downward  tracking  force 
not  exceeding  6  grams  is  desirable. 
The  theoretical  compliance,  meas¬ 
ured  at  the  point  of  the  stylus,  for 
low-frequency  tracking  of  78-rpm 
records  with  this  low  tracking  force 
is  0.87  X  10  *  cm  per  dyne  and,  for 
L-P  records,  it  is  0.39  x  lO"*  cm  per 
dyne. 

Crystal  cartridges  producing 
about  0.5  volt  rms  at  reference  fre¬ 
quency  and  level  can  be  built  within 
these  limitations.  It  was  also  found 
that  r-f  modulation  pickups  (like 
Cobra)  and  variable-reluctance 
type  pickups  (like  GE)  are  also 
suitable  for  design  as  L-P  pickups. 
The  rapidity  with  which  suitable 
pickups  have  been  developed  com¬ 
mercially  verifies  the  basic  assump¬ 
tion  that  the  art  has  progressed  to 
the  point  that  this  new  approach  to 
recording  is  justified. — F.H.R. 
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Intensive  investigation  of  problem  results  in  useful  circuit  design  data  for  minimizing 
hum  from  alternating  magnetic  fields,  electrical  leakage,  input  circuit  wiring  and  heater- 

cathode  leakage  current 


By  ARTHUR  F.  DICKERSON 

Electronics  Department 
General  Electric  Company 
Syracuse,  New  York 


Sources  of  hum  fall . into  two 
‘  broad  classifications :  hum 
arising  from  causes  external  to  the 
tube  which  act  either  upon  the  tube 
or  upon  the  components  of  the 
circuit,  and  hum  arising  within  the 
tube  as  a  result  of  its  characteris¬ 
tics.  The  first  classification  covers 
hum  from  alternating  magnetic  and 
electrostatic  fields  and  from  leak¬ 
age  and  stray  capacitances  in  the 
circuit  wiring,  while  the  second 
includes  heater-to-cathode  leakage 
and  the  action  of  the  heater  field 
within  the  tube. 

The  most  common  sources  of 
alternating  magnetic  fields  are 
transformers  and  chokes.  There 
are  also  fields  surrounding  the 
wires  carrying  the  heater  current 
and  the  a-c  primary  supply,  but 
these  fields  are  extremely  small  by 


Figure  1  shows  the  flux  pattern 
for  a  transformer  with  E-type  core 
laminations.  This  pattern  is  quite 
similar  to  that  of  an  air-core  coil, 
except  for  modification  due  to  the 
iron  core  of  the  transformer.  The 
pattern  is  represented  as  if  the 
transformer  were  suspended  in  air. 
The  presence  of  a  chassis  of  mag¬ 
netic  material  will  have  little  effect 
upon  the  portion  of  the  field  which 
is  two  inches  or  more  above  the 
chassis,  but  the  field  in  the  region 
of  the  chassis  will  be  extended  due 
to  the  lower  reluctance  path.  Some 
advantage  may  be  gained  in  this 
respect  by  the  use  of  vertidal- 
mounting  transformers  in  pref¬ 
erence  to  the  half-shell  types  of  con¬ 
struction. 

The  flux  concentration  point  at 
which  the  major  portion  of  the  flux 
leaves  and  enters  the  core  is  located 
at  the  ends  of  the  core  segment  on 
which  the  winding  is  made.  This 
point  is  further  from  the  chassis 
in  the  vertical-mounting  trans¬ 
formers,  thus  reducing  the  exten¬ 
sion  of  the  field.  The  directional 
properties  of  the  stray  flux  are  also 
more  favorable  in  transformers  of 
the  vertical-mounting  type  than  in 
transformers  of  the  half-shell  type 
regardless  of  the  material  used  in 
the  chassis. 


comparison.  The  intensity  of  the 
field  in  air  at  a  distance  of  one  inch 
from  a  single  wire  carrying  one 
ampere  is  in  the  order  of  0.08 
gauss,  while  the  stray  flux  from 
transformers  may  be  more  than  a 
hundred  times  greater  than  this 
value. 

The  amount  of  stray  flux  for  a 
specific  transformer  is  determined 
by  the  design  of  the  core  and  is 
practically  constant  over  the  normal 
load  range.  It  is  difficult  to  assign 
a  general  value  to  the  magnitude  of 
stray  flux  since  it  is  dependent 
largely  upon  the  quality  of  the 
transformer.  However,  the  order 
of  magnitude  for  average-quality 
transformers  is  5  to  10  gauss  at  a 
distance  of  two  inches  from  the 
core  in  the  active  portion  of  the 
flux  pattern. 


^^CATHOOE 

WORKING  PORTION 
OF  ELECTRON  STREAM 


Hum  In  Receivers 

An  alternating  magnetic  field 
was  applied  to  each  tube  of  three 
different  receivers,  which  ranged 
from  communications  types  to  com¬ 
mercial  five-tube  table  models  and 


X-Y  PLANE 


FIG.  2 — Tube  with  concentric  type  con¬ 
struction 


FIG.  1 — Stray  flux  pattern  for  transform¬ 
er  with  E-type  core  laminations 
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Common  Sources  oi  Hum  and  Their  Solutions 


Cause  of  lluiu 

.Maximum  Hum 
Level  at  Grid 

Solutions 

Modulation  of  plate  current 
by  stray  flux  from  power 
•  transformer 

Glass  pentode 

Glass  triode 
'  Metal  pentode 

Metal  triode 

2.00  mv 

0 . 30  mv 

0 . 10  mv 

0.02  mv 

Proper  orientation  of  tube 
with  respect  to  power  trans¬ 
former 

Selection  of  proper  size 
plate  load  resistance.  (See 
text) 

Heater-to-grid  leakage  across 
socket 

10  to  13  pv  for  each 
megohm  of  grid  re¬ 
sistance  and  each 
volt  rms  of  heater 
above  ground 

Use  of  double-ended  tubes. 
Adjustable  ground  position 
on  secondary  of  filament 
transformer 

Leakage  or  induced  voltages 
in  clo^  loops  of  the  input 
circuit 

Up  to  75  pv 

Use  of  double-conductcjr 
input  cable  as  shown  in 
Fig.  5 

Heater-cathode  leakage 

Currents  of  0.04  to 

1 .0  microampere 

Adequate  bypassing  of 
cathode  for  power  fre¬ 
quency.  Use  of  low  cathode 
impedances 

included  both  f-m  and  a-m  recepn  a  reference.  In  the  fields  of  audio 
tion.  The  antenna  was  disconnected  work  this  is  a  legitimate  criterion, 
and  the  gain  control  advanced  all  but  in  measurement  and  control 
the  way.  The  field  intensity  was  equipment  the  hum  must  be  con- 
then  increased  until  the  hum  level  sidered  on  the  basis  of  its  rms 
became  audible  above  the  noise,  value. 

This  was  repeated  individually  for  A  considerable  amount  of  data 
each  tube  in  the  set.  has  been  taken  on  several  different 

It  was  found  that  in  most  cases  tube  types  under  varying  field  in- 

a  field  of  50  gauss  rms  would  pro-  tensities  and  circuit  conditions.  A 
duce  audible  hum  when  applied  to  few  representative  figures  may  be 
the  r-f  amplifier,  converter,  i-f  am-  quoted  for  general  guidance.  An 
plifiers,  or  the  first  audio  stage,  arbitrary  unit  (microvolts-per- 
The  power-output  stage,  and  the  gauss  referred  to  the  grid)  has 
detector  or  discriminator  stage  in  been  selected  since  it  takes  into  ac- 
circuits  employing  separate  tubes  count  the  gain  of  the  tube  under 
for  detector  and  first  audio  were  test  as  well  as  the  strength  of  the 
not  affected  by  fields  as  high  as  field,  and  in  addition  is  more  easily 
150  gauss  rms.  referred  to  the  signal  level  at  which 

Since  it  has  been  shown  that  a  the  tube  is  expected  to  operate, 

representative  figure  for  escape  The  hum  level  of  the  pentode- 
flux  from  a  power  transformer  is  type  amplifier  does  not  increase 
5  to  10  gauss,  it  would  seem  that  linearly  with  an  increase  of  field  in- 
the  tube  itself  offers  no  particular  tensity,  but  varies  at  a  rate  some- 
problem  as  to  hum.  In  many  cases  where  between  the  first  and  sec- 
this  may  be  true.  However,  the  ond  power  of  the  field  intensity, 
value  of  5  to  10  gauss  was  given  for  depending  upon  the  reference  level 
a  distance  of  two  inches  from  the  of  the  magnetic  field;  Thus,  for 
core  of  the  transformer,  and  the  glass-type  pentodes,  a  hum  level 
field  intensity  increases  inversely  *  of  about  250  mici  ovolts-per-gauss 
as  the  square  of  the  distance  from  (referred  to  the  grid)  may  be  ex- 
the  transformer.  The  fields  in  the  pected  at  field  intensities  of  around 
immediate  vicinity  of  the  trans-  45  gauss,  while  at  5  gauss  the  figure 
former  are  therefore  quite  high,  drops  to  around  20  microvolts-per- 
and  placement  of  critical  tubes  in  gauss.  Values  for  comparable 
this  region  should  be  avoided.  metal-type  pentodes  are  in  the 

In  addition,  the  final  measure-  order  of  5  microvolts-per-gauss 
ments  in  the  test  outlined  were  and  increase  only  slightly  between 
made  aurally,  and  the  hum  com-  5  and  45  gauss  due  to  shielding 
ponents,  both  60  and  120  cycles,  effect  of  the  metal  envelope.  Triode 
were  less  audible  than  the  higher-  types  show  hum  levels  of  around  30 
frequency  noise  which  was  used  as  microvolts-per-gauss  at  45  gauss. 


and  7  microvolts-per-gauss  at  5 
gauss. 

The  orientation  of  the  tube  ele¬ 
ments  in  a  magnetic  field  deter¬ 
mines  largely  the  influence  that  the 
field  will  have  upon  the  output  of 
the  tube.  A  tube  of  concentric-type 
construction  is  shown  in  a  cutaway 
view  in  Fig.  2.  A  major  portion 
of  the  electron  stream  can  be  con¬ 
sidered  bidirectional  along  a  line 
which  is  perpendicular  to  the  plane 
of  the  grid  side  rod  supports  at 
the  cathode.  The  magnetic  field 
will  deflect  the  electron  stream  a 
maximum  when  the  flux  is  per¬ 
pendicular  to  the  path  of  the  elec¬ 
trons.  These  maximums  occur 
when  the  flux  vector  is  coaxial  to 
the  tube,  or  when  perpendicular  to 
the  tube  axis  and  in  the  plane  of  the 
grid  side  rods.  As  a  general  rule, 
metal  tubes  and  glass  tubes  which 
have  nonmagnetic  side  rods  show 
a  maximum  in  the  direction  normal 
to  the  tube  axis,  while  those  with 
magnetic  side  rods  have  a  maxi¬ 
mum  in  the  axial  direction,  the 
difference  between  the  two  condi¬ 
tions  being  in  the  order  of  6  to  10 
decibels  in  voltage.  Example: 


Axial  Flux  Hum 
Voltage  at 
Plate  of  Tube 
6SJ7GT.  1.5 
6SJ7  ...  0.02 


Normal  Flttx  Hum 
Voltage  at 
Plate  of  Tube 
0.5 
0.04 


The  minimum  hum  condition  for 
all  types  occurs  when  the  flux  vec¬ 
tor  is  perpendicular  to  the  tube 
axis  and  normal  to  the  plane  of  the 
grid  side  rods.  The  minimum  is 
down  30  to  40  decibels  from  the 
maximum  in  glass  types  and  10  to 
20  decibels  in  metal  types,  the  dif¬ 
ference  arising  from  the  distortion 
of  the  field  in  the  metal  type  which 
prevents  a  sharp  minimum. 

Since  the  minimum  occurs  only 
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FIG.  3 — EquiTolant  circuit  for  a  tube 
operatinq  in  a  magnetic  field  with  no 
signal  on  the  grid 
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when  the  flux  is  directed  perpendi-  normal  operation,  (that  is,  opera- 
cular  to  the  tube  axis,  rotation  of  tion  in  the  absence  of  a  magnetic 
the  tube  socket  is  not  effective  in  fleld)  and  subscript  2  refer  to  oper- 
removing  hum  when  the  flux  vector  ation  at  peak  flux  value.  Then : 
is  parallel  to  the  tube  axis.  It  is  ^ 
possible  to  rate  a. transformer  on  " 
the  basis  of  the.  direction  of  stray 
flux  vectors  in  the  area  adjacent 
to  the  transformer,  normally  oc¬ 
cupied  by  tubes.  In  this  respect 
the  vertical-mounting  transformer 
is  superior  to  the  half-shell  tyi)e, 
since  more  of  its  flux  is  perpendi¬ 
cular  to  the  usual  tube  mounting 
axis  in  the  space  occupied  by  the 
tube  elements. 

If  a  tube  is  operated  in  an  alter¬ 
nating  magnetic  field,  the  hum  out- 
put  is  a  function  of  the  strength 
of  the  field,  the  constants  and  volt¬ 
ages  of  the  circuit,  and  the  char¬ 
acteristics  of  the  tube.  -Consider 
a  tube  operating  in  a  magnetic 
field  without  a  signal  on  the  grid. 

The  equivalent  circuit  is  shown  Eae 
in  Fig.  3.  The  effect  of  the  field 


plate  resistance  is  fairly  con¬ 
stant  for  different  values  of  Rl,  and 
in  addition  Ri.  is  usually  much 
larger  than  Rt.  Equation  12  indi¬ 
cates  that  if  this  is  the  case,  E,e  is 
reasonably  independent  of  the  cirr 
cuit  values. 

In  the  case  of  a  pentode,  R^  de¬ 
creases  with  an  increase  of  Rl  and 
since  R^  and  Rl  are  of  the  same 
order  of  magnitude  i 

E„  is  a  function  of 


_ En _ 

Rl  +  /?»  -H  Aftb 

Substituting  Eq.  2  and  3  in  Eq.  1 

K  ^  _ ^66 

**  V,  RL-^-Ri-^-^Rb 


TE — *  constant  (13) 

(/It  i-  til,) 

(5) 

It  will  be  noted  that  this  expression 
for  hum  output  voltage  is  quite 
similar  to  the  familiar  formula  for 
AR.-KS.  (7)  output  signal  voltage; 

where  K  is  a  function  of  static  plate  g,  - 

voltage  and  flux  density.  ‘  ' 

in  which  case  {jtE,  represents  the 

constant.  The  major  difference  is 
that  Ri  in  the  hum  formula  is  static 
plate  resistance,  Ei/h,  while  R,  in 
(9)  the  signal-voltage  formula  is  dy¬ 
namic  plate  resistance. 

It  has  been  shown  that  in  the 
usual  application  for  triodes  (iZi  > 
Ri  or  Rp)  the  output  hum  level  is 
relatively  independent  of  the  plate 
load  resistance,  as  is  also  the  gain. 
Hence,  for  triodes,  the  hum  level 
referred  to  the  grid  is  constant  for 
a  given  value  of  flux. 

In  pentodes,  Ri  varies  inversely 
with  Rl,  and  Ri  remains  practicably 
constant  over  the  flat  portion  of  the 
^j2)  plate  characteristics.  Thus,  if  Rl 
is  increased,  assuming  Rl  and  R, 
If  the  tube  is  a  triode,  the  static  of  like  magnitude,  the  gain  in- 


Ebb  Rt^Rb 


Substituting  Eq.  6  and  7  in  Eq.  5 

KEbi  Rl 
Rb  +  Rl  +  KRb 

K  Rb<  <  {Rb  "I"  Rl) 

Eq.  8  may  be  written 

T,  _  V  (Ebi  Rl) 

^-(Rb  +  RL)'  b 

Experiment  has  indicated  that  K 
is  a  function  of  1/E»  within  the 
normal  limits  of  Ei  encountered  in 
a  resistance-coupled  amplifier.  If 
the  peak  value  of  flux  remains  con¬ 
stant,  for  a  speciflc  tube 

KEb  =  a,  constant 
Then 


X  a  constant 


FIG.  4 — Variation  oi  hum  with  gain  in  a 
typical  pentode  amplifier 
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upon  the  tube  may  be  considered 
as  a  change  in  the  static  plate  re¬ 
sistance  of  the  tube.  The  sign  is 
shown  as  positive  since  only  in 
comparatively  rare  tube  designs  is 
the  static  plate  resistance  decreased 
by  application  of  the  magnetic 
field.  In  this  circuit:  Rl  =  load 
resistance,  Ri  =  static  plate  resist¬ 
ance,  A/J*  =  change  in  static  plate 
resistance  at  peak  flux,  Ea  =  d-c 
plate  supply  voltage,  Ei  —  static 
plate  voltage,  E,,  =  peak-to-peak 
hum  output  voltage  and  7*  -=  static 
plate  current. 

Let  the  subscript  1  refer  to 
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OR  AUXILIARY 
EQUIPMENT 


SINGLE-CONDUCTOR  INPUT  CABLE  AND  EQUIVALENT  CIRCUIT 
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DOUBLE-CONDUCTOR  INPUT  CABLE  AND  EQUIVALENT  CIRCUIT 


FIG.  5 — ^Actual  and  •quiTolant  input  circuiti  for  tingl*  and  doubl*-conductor  thinldad 
input  cabU.  R»duc*d  hum  ii  achieved  with  double-conductor  cable 
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creases  by  an  amount  less  than  the 
increase  in  Rt,  but  the’hum  output 
increases  directly  as  Rl.  The  hum 
level  referred  to  the  grid  of  a  pen¬ 
tode  increases,  therefore,  with  an 
increase  of  the  plate  load  resistance 
as  demonstrated  in  Fig.  4. 

The  output  from  metal  types  was 
approximately  40  decibels  down  in 
voltage  from  that  of  glass  types. 
The  placement  of  a  close-fitting  iron 
shield  over  the  glass  tube  reduces 
its  hum  to  within  2  or  3  decibels  of 
the  metal  type. 

The  wave  form  of  hum  output  for 
the  metal  type  is  for  the  most  part 
fundamental,  with  a  small  amount 
of  second  harmonic,  while  for  the 
glass  type  it  is  second  harmonic 
with  varying  amounts  of  higher- 
order  even  harmonics.  This  repre¬ 
sents  an  advantage  for  the  metal 
type  when  viewed  from  an  audibilty 
standpoint,  since  a  120-cycle  note  is 
much  more  readily  heard  than  a  60- 
cycle  note.  A  60-cycle  note,  to  sound 
as  loud  as  a  120-cycle  note,  must  be 
about  3  decibels  greater  in  power. 

Electrical  Leakage 

The  leakage  impedance  between 
socket  pins  contributes  hum  to 
stages  with  a-c  heaters  to  a  degree 
dependent  upon  grid-circuit  im¬ 
pedance,  pin  placement,  socket 
material  and  heater-to-grid  capaci¬ 
tance.  Consider  a  voltage  divider 
made  up  of  the  leakage  impedance 
from  heater  to  grid  pin  {Z 
and  the  impedance  from  the  grid  to 
ground  {Z,ru).  The  voltage  which 
appears  across  this  divider  is  de¬ 
termined  by  the  wiring  of  the  heat¬ 
ers,  and  the  portion  of  this  voltage 
which  appears  at  the  grid  is  de¬ 
termined  by  the  ratio  of  grid-circuit 
impedance  to  leakage  impedance. 
Since  normal  is  much  smaller 


FIG.  f— Typical  woreiormt  oi  heater- 
cothoda  currant 


FIG.  7 — Basic  ratio-datoctor  circuit 


FIG.  8 — Variations  oi  Cng  moy  causa 
hum  through  iroquancy  modulation  oi 
local  oscillator 


than  Z,„k,t„  the  voltage  at  the  grid 
is  almost  directly  a  function  of  the 
grid-circuit  impedance  and  in¬ 
versely  a  function  of  the  leakage 
impedance. 

Isolantite-type  sockets  have  the 
highest  leakage  impedance,  which 
is  almost  entirely  capacitive  react¬ 
ance.  Next  best  are  polystyrene, 
mica-filled  Bakelite  and  black  Bake- 
lite,  in  that  or^er,  with  varying 
amounts  of  resistive  components. 
Since  the  leakage  impedance  is 
predominantly  capacitive  even 
in  the  worst  sockets,  the  elim¬ 
ination  of  harmonics  in  the 
heater  supply  is  of  great  impor¬ 
tance.  The  leakage  impedance  de¬ 
creases  for  the  higher-order  har¬ 
monics.  In  addition,  the  gain  of  the 
stage  is  usually  greater.  Thus  a 
sine-wave  heater  voltage  appears  as 
a  sine-wave  output  at  the  plate,  but 
a  complex  wave  at  the  heater  is  re¬ 
produced  with  greater  harmonic 
content  at  the  plate.  Representative 
values  of  hum  to  be  expected  from 
this  source  are  10  to  15  microvolts 
at  the  grid  for  each  volt  of  heater 
potential  above  ground  with  a  1- 
megohm  grid  impedance. 

When  one  pin  of  the  heater  is 
grounded  there  is  a  single  source  of 
leakage  voltage,  which  arrives  at 


the  grid  leading  the  heater  voltage 
by  90  degrees.  When  the  heater  is 
above  ground  in  a  series  string,  the 
leakage  from  both  pins  arrives  in- 
phase  at  the  grid.  However,  if  the 
heater  is  operated  from  the  second¬ 
ary  of  a  power  transformer  with 
the  center-tap  grounded,  the  leak¬ 
age  from  the  two  pins  arrives  at 
the  grid  out-of-phase,  but  with  dif¬ 
ferent  magnitudes.  This  partial 
bucking  effect  may  be  utilized  com¬ 
pletely  by  grounding  the  heaters 
through  the  center  tap  of  a  potenti¬ 
ometer  with  the  outside  arms  con¬ 
nected  to  the  heater  supply,  and 
then  adjusting  the  ground  tap  for 
cancellation  of  the  two  leakage 
voltages. 

Double-ended  tubes  such  as  the 
6J7  offer  a  distinct  advantage  in 
the  problems  of  hum  from  leakage 
.since  their  grid  connections  are 
well  removed  from  the  heaters.  As 
an  example,  the  6J7  has  one-tenth 
the  hum  of  the  6SJ7  in  this  respect. 

Input-Circuit  Wiring 

Careful  attention  to  the  wiring 
of  input  circuits  will  frequently  re¬ 
duce  the  hum  of  low-level  ampli¬ 
fiers.  Figure  5  shows  the  equivalent 
circuits  for  single  and  double-con¬ 
ductor  shielded  input  cable.  Units 
C,  and  Ci  are  leakage  capacitances 
to  the  a-c  line  in  the  amplifier  and 
in  the  auxiliary  equipment.  For  the 
single-conductor  cable  a  closed  cir¬ 
cuit  is  made  which  has  a  portion  of 
the  grid-return  lead  in  the  loop. 
This  closed  circuit  may  act  either 
as  an  electrical-leakage  path  or  as 
a  magnetic  loop,  depending  largely 
upon  the  line  connections  and  the 
size  of  the  leakage  capacitances. 

The  resistivity  of  ordinary  shield 
braid  over  a  single  conductor  is 
roughly  0.003  ohm  per  foot.  Capac¬ 
itors  Cl  and  Ct  then  must  be  rather 
large  to  produce  an  appreciable  volt¬ 
age  drop  along  the  shield.  However, 
in  the  case  of  a  grounded  line, 
Ct  becomes  a  direct  connection  and 
Cl  may  be  as  high  as  0.1  microfarad 
due  to  the  line-isolation  capacitors 
in  certain  types  of  equipment.  With 
a  grounded  115-volt  line,  0.1-micro¬ 
farad  leakage  will  produce  50 
microvolts  across  three  feet  of 
shield. 

Frequently  the  leakage  path  of 
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Cl  and  Ct  is  shorted  out  by  a  ground 
strap  between  the  two  chassis  or 
some  other  direct  connection.  In 
this  case  the  closed  circuit  acts  as 
a  magnetic  loop  subject  to  the  stray 
flux  of  the  equipment.  Hum  levels 
as  high  as  75  microvolts  at  the  grid 
have  been  encountered  in  tests 
from  this  source. 

The  use  of  two-conductor 
shielded  cable  as  shown  isolates  the 
input  circuit  from  any  closed  loop 
which  the  shield  may  make  with 
auxiliary  equipment,  and  thereby 
prevents  a  voltage  drop  which  may 
appear  along  the  shield  from  bejng 
reflected  through  the  pickup  imped¬ 
ance  to  the  grid.  This  principle  can 
also  be  appplied  to  the  use  of 
ground  straps. 

The  careful  e'imination  of  all 
closed  loops  in  the  grounding  con¬ 
nections  will  frequently  reduce  the 
hum  level  of  the  equipment.  Ground 
connections  inside  the  chassis  fol¬ 
low  the  same  pattern,  so  that  the 
cathode-grounding  point  and  the 
ground  end  of  the  grid  circuit 
should  always  be  connected  at  the 
same  point  on  the  chassis  and 
should  be  independent  of  other  cir¬ 
cuits,  except  at  the  chassis  point. 


FIG.  9 — Haotsr  and  cathode  arranged  to 
be  at  aome  r-f  potential,  thus  reducing 
hum  due  to  Toriations  of  C„k  ' 


from  the  cathode  and  the  heater. 
Three  frequently  occurring  wave¬ 
forms  of  heater-cathode  leakage 
current  are  shown  in  Fig.  6  and 
these  indicate  that  this  current  is 
rich  in  harmonic  content. 

If  the  cathode  is  grounded,  cur¬ 
rent  will  not  affect  operation.  The 
same  holds  for  an  adequately  by- 
passed-cathode-resistance  condition. 
However,  there  are  numerous  cases 
such  as  cathode  followers,  phase  in¬ 
vertors,  and  detectors  where  the 
heater-cathode  leakage  current  will 
cause  a  voltage  drop  across  the 
cathode  resistance  if  the  heater  is 
returned  to  ground.  To  present  sat¬ 
isfactory  design  data  it  is  necessary 
to  consider  this  current. 

The  heater-cathode  impedance  is 
so  large  when  compared  with  the 
normally  used  cathode  resistance 
that  the  current  source  may  be  con¬ 
sidered  as  a'  constant-current  gen¬ 
erator.  In  tubes  which  are  manu¬ 
factured  with  an  aim  to  minimizing 
heater-cathode  leakage,  current  of 
0.04  microampere  is  common  where 
the  heater  voltage  is  6.3  volts  rms 
and  where  the  cathode  is  returned 
to  one  end  of  the  heater  through  a 
resistance.  In  some  types  such  as 
output  tubes,  where  hum  require¬ 
ments  are  less  severe,  this  current 
may  be  as  high  as  1.0  microampere. 
Fortunately  the  degenerative  action 
of  an  unbypassed  cathode  resist¬ 
ance  tends  to  lessen  the  effect  of  the 
leakage  current.  • 

A  frequently  used  circuit  in  f-m 
sets  is  the  ratio  i  detector.  The 
schematic  circuit  is  given  in  Fig.  7. 
The  ground  is  connected  either  at 
point  X  or  at  point  Y.  The  former 
is  called  a  balanced  ratio  detector. 
The  hum  due  to  heater-cathode 
leakage  current  is  3  or  4  times 
greater  with  a  balanced  circuit  than 
with  the  unbalanced  circuit  ob- 


Sources  Within  the  Tube 

The  heater  is  the  only  tube 
element  intentionally  carrying  alter¬ 
nating  current  at  the  power  fre¬ 
quency.  The  heater  for  indirectly- 
heated-cathode  types  is  coated  with 
a  ceramic-like  material  to  insulate 
it  from  the  cathode  sleeve  which 
encloses  it.  Of  several  possible  ways 
for  alternating  current  exciting  the 
heater  to  act  upon  the  other  ele¬ 
ments  and  cause  hum,  the  most  im¬ 
portant  and  probably  the  only  one 
that  causes  noticeable  hum  in  re¬ 
ceiving  tubes  is  leakage  currenfbe- 
tween  heater  and  cathode.  Modula¬ 
tion  of  the  plate  current  by  the 
alternating  field  of  the  heater  is 
negligible  in  modern  receiving 
tubes. 

Extensive  work  is  being  done  to 
establish  the  nature  of  heater- 
cathode  leakage  current  but  the 
information  is  not  yet  complete.  It 
may  be  stated  that  the  current  is 
due  mainly  to  a  combination  of 
three  phenomena:  capacitive  cou¬ 
pling  between  heater  and  cathode, 
direct  (more  or  less  resistive)  leak¬ 
age  between  them  and  emission 


tor  with  grounded  cathode  to  minimixe 
effect  of  variations  in  C  ^ 

tained  whdn  point  Y  is  grounded. 
The  hum  increases,  of  course,  with 
increased  resistance  values.  Also, 
the  larger  the  resistances,  the 
greater  the  difference  between  the 
balanced  and  the  unbalanced  cir¬ 
cuit.  This  is  due  to  the  loading  ef¬ 
fect  of  the  diodes. 

The  increased  use  of  the  higher- 
frequency  television  and  f-m  bands 
has  presented  an  unusual  problem 
of  hum  arising  in  the  local  oscil¬ 
lator.  Figure  8  shows  a  circuit 
diagram  of  a  typical  high-frequency 
local  oscillator.  The  a-c  heater  sup¬ 
ply  causes  the  heater-to-cathode 
capacitance,  C,,*,  to  vary  at  the 
power  frequency.  This  arises  from 
either  thermal  variations  of  the 
heater  insulation  or  from  mechan¬ 
ical  vibration  of  the  heater,  possibly 
from  a  combination  of  the  two. 

Since  the  heater-to-cathode  ca¬ 
pacitance  appears  in  series  with  the 
grid-to-cathode  capacitance,  Cok, 
across  a  portion  of  the  grid  tank, 
any  repeating  variation  of  Chk  will 
cause  the  oscillator  frequency  to 
vary.  At  the  higher  frequencies  the 
capacitance  in  the  grid  tank  is  ex¬ 
tremely  small  so  that  a  small  change 
of  Chk  will  vary  the  oscillator  fre¬ 
quency  enough  to  produce  an  f-m 
signal  in  the  i-f  strip.  It  has  been 
estimated  that  a  heater-cathode  ca¬ 
pacitance  change  of  one  part  in  two 
million  in  television  channel  13  will 
produce  audible  hum  at  the  loud¬ 
speaker. 

Figures  9  and  10  show  two  meth¬ 
ods  for  minimizing  hum  from  this 
source.  In  Fig.  9  the  heater  and 
cathode  of  the  oscillator  tube  are 
operated  at  the  same  r-f  potential. 
This  method  has  proved  satis¬ 
factory  up  to  200  me.  The  tuned- 
grid  tuned-plate  circuit  of  Fig.  10 
enables  the  cathode  to  be  operated 
at  ground  potential. 
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Melting-Point  Chart 


Metals^  alloys  and  ceramics  commonly  used  in  electron  tubes  are  covered. 
Critical  temperatures  are  given  in  degrees  Fahrenbeit  and  centigrade 


By  K.  H.  McPHEE 


Research  Division,  Vacuum  Tube  Laboratory 
Collins  Radio  Company,  Cedar  Rapids.  Iowa 


BERVLLIA  BtO  -  CACC'A 

STRONTlA  Sr.  0 - 

ALUMINA  AljOj - 


QUARTZ  5,0, 


DURALOY  18-8 - 

KOVAR ■ 


INCONEL - — 

TOPHET  A 


NICKEL  COINAGE  PRE-WAR  USA - 

platinum  solder 


Au  375-Cu  62  5 


EASY- FLO  3- 
EASY  FLO  45 


GOLD  80-  INDIUM  20  - 


I8:I8  I8^f{ 


\  3,000 — tantalum 


1,900 - ZIRCONIUM 


thorium  ' 

1,800 - 

TITANIUM 

PLATINUM 

i,roo 

1,600 

CHROMIUM 

PALLADIUM 

1,500 

-IRON 

1,400 

-NICKEL 

1,300 

-BERYLLIUM 

1,200 

1,100 

-COPPER 

-GOLD 

1 1,000 

900 

-SILVER 

700 

—  ALUMINUM 

600 

500 

400 

— ZINC 

—  MERCURY  (BOILS) 

-  300 

—  LEAD 

-  200 

- TIN 

^lOO 

C* 

—  INDIUM 

The  melting  point  chart  is  a 
thermometer-type  graph  upon 
which  are  placed  the  melting  points 
of  metals,  alloys  and  ceramics  most 
commonly  used  in  electron  tubes. 

A  linear  scale  representing  de¬ 
grees  F  is  located  on  the  left  side  of 
the  central  thermometer.  A  linear 
scale  representing  degrees  C  is  lo¬ 
cated  on  the  right  side  of  the  ther¬ 
mometer.  Any  line  drawn  through 
the  thermometer,  normal  to  its 
length,  designates  a  C  reading  and 
the  F  equivalent.  Above  2,000  C, 
the  scale  is  condensed. 

Pure  metals  are  shown  opposite 
their  respective  melting  points  on 
the  right  side  of  the  thermometer. 
Ceramic  materials  and  metal  alloys 
are  similarly  shown  on  the  left. 

The  melting  temperature  shown, 
for  ceramic  bodies  is  that  tempera¬ 
ture  above  which  no  crystalline 
phase  normally  exists.  No  attempt 
has  been  made  to  indicate  their  pro¬ 
gressive  softening  characteristic. 


When  a  specific  material  is  being 
considered  for  use  because  of  de¬ 
sirable  electrical,  chemical  or  other 
properties,  the  melting  point  is  eas¬ 
ily  obtained.  Conversely,  where  the 
temperature  range  within  which 
materials  must  work  is  known  suit- 
ab’e  ones  can  be  quickly  selected. 

Fabrication  techniques  may  em¬ 
ploy  soldering,  brazing,  or  welding, 
and  the  most  suitable  method  for  a 
particular  material  is  frequently 
determined  from  the  chart. .  Simi¬ 
larly,  where  sequential  heating  oper¬ 
ations  are  planned  it  js  useful. 

The  chart  also  facilitates  rapid 
conversion  between  F  and  C  scales. 
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P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


The  Mallory  Inductuner* 
tunes  in  the  telecast  clearly 
and  keeps  it  in  line 


Frequency  drift — which  in  television  means  a  gradual 
blur  and  weakening  of  the  picture,  and  results  in  irritated 
calls  for  the  service  man — is  one  of  the  problems  that 
Mallory  recognized  in  the  early  days  of  television. 

Sets  equipped  with  the  Mallory  Inductuner  enable  the 
user  to  overcome  drift,  or  bring  in  a  clear-cut  image  from 
any  new  transmitting  station,  by  simple  fingertip  tuning. 
The  set  owner  enjoys  television  in  full,  without 
inconvenience  or  costly  adjustments. 

Let  Mallory  engineers  help  you  work  the  Inductuner 
into  your  circuit.  Write  for  information  today. 

*HefiiU€rmi  trademark  oj  P.  H.  Mallory  S:  Co^  Ine.  for  Inductance  tunin/t  device$ 
curered  by  Mallory»H  are  patents. 


the 

^^7^mallory 

'^INDUCTUNER 


is  a  3  coil,  variable  inductance 
tuning  device  that  features  low  final  cost,  contact 
relialtility,  simplicity  of  ojteration  and  uniform 
reteption.  Currently  it  is  Iteing  incorporated  in 
television  reieiving  equipment  as  a  practical, 
efficient  means  of  tuning  the  entire  Tl  and  FM 
range  of  44  through  216  Me.  In  addition,  the 
Inductuner  offers  unusual  fwssibilities  in  the 
test  equipment,  amateur  and  ex/wrimental  fields. 


CAPACITORS  .  .  CONTROLS  .  .  .  VIBRATORS  .  .  . 
SWITCHES  .  .  .  RESISTORS  .  .  .  RECTIFIERS  .  .  . 
VIBRAPACK*  POWER  SUPPLIES  .  .  .  FILTERS 

as.  Pot.  Off. 
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ranging  in  height  from  200  to  350 
feet.  The  remote  antenna  switch¬ 
ing  system  is  perhaps  the  most 
interesting  feature  of  the  station. 
Any  one  of  the  six  transmitters 
may  be  connected  between  a  certain 
number  of  arrays,  thus  enabling  the 
output  of  a  transmitter  to  be 
beamed  to  any  part  of  the  world. 

A  picture  of  one  of  the  giant 
multipole  switches  is  shown.  These 
towers  are  forty  feet  high  and 
built  in  six  levels,  each  being  con¬ 
nected  to  .a  certain  transmitter. 
The  switching  arm  is  controlled  by 
an  electric  motor.  The  antenna 
arrays  are  in  the  form  of  stacked 
horizontal  arrays. 

The  master  oscillators  are  not 
crystal  controlled,  but  excellent  sta¬ 
bility  is  possible  through  the  use 
of  double  temperature  control 
where  the  temperature  inside  the 
frequency  determining  unit  is  con¬ 
trolled  and  the  temperature  of  the 
room  housing  the  unit  is  also  con¬ 
stant.  The  oscillators  operate  at 
comparatively  low  frequencies  and 
the  frequency  is  multiplied  in  har¬ 
monic  generators  with  a  switching 
arrangement  for  optimum  flexibil¬ 
ity. 

Another  ingenious  design  feature 
is  the  mounting  of  tuned  circuits  on 
trucks.  These  units  are  wheeled 
into  the  rear  of  the  transmitter 
cabinet,  and  contact  is  made  by 
spring-loaded  copper  blades  of  gen¬ 
erous  area. 

The  audio  driver  delivers  1,200 
watts  to  the  class  B  modulators  and 
each  of  the  latter  can  dissipate  up 
to  75  kilowatts  on  its  anode.  Each 
tube  takes  2.5  amperes  of  grid  cur¬ 
rent  on  drive  peaks.  The  modula¬ 
tion  transformer  carries  up  to  20 


TUBES  AT  WORK 

Including  INDUSTRIAL  CONTROL 
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British  VoItos  at  Work . 

Graphical  Iron  Core  Design . 

Remote  .Control  ior  Radio  Tuning 

Protection  ior  TV  Antennas . 

Servo  Physical  Tester... . 

Airliner  Television . 


Intid*  boM  oi  an  antenna  switching  towsr  showing  ons  of  six  stacksd  switching 
arms.  Tho  rsmotsly  controlled  motor  Is  moimted  in  the  large  box  in  the  center 


British  Valves  at  Work 

McGraw-Hill  World  News 


With  a  frequency  accuracy  of  one  signed  to  ensure  reliable  transmis- 
part  in  a  million  and  occasional  sions  despite  enemy  jamming  ef 
effective  radiated  power  output  of 
1,500  kw  from  six  transmitters,  the 
BBC  transmitting  station  at  Skel¬ 
ton,  England,  incorporates  many 
ingenious  and  effective  methods  for 
band  and  antenna  switching.  The 
station  operates  on  the  short-wave 
bands  and  it  was  constructed  spe¬ 
cifically  for  the  purpose  of  trans¬ 
mitting  to  European  countries, 

Latin  America  and  certain  parts 
of  the  Pacific. 

These  transmissions  are  radiated 
in  some  thirty-six  languages,  and 
the  service  continues  through  day 
and  night,  changing  frequencies 
and  directions  as  demanded  by  con¬ 
ditions  of  propagation  and  location 
of  areas  to  be  served.  The  station 
was  built  during  the  war  and  de- 


On«  of  the  forty-foot  rotary  switches  used  in  the  BBC's  Skelton  station  for  antenna 
swi;ching.  Erch  of  the  six  decks  contains  a  switch 
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...HE  OFFERS  A  FULL  LINE  OF  NATIONALLY 
KNOWN  INSULATING  MATERIALS 


The  IMC  bMineer  otters  two  services  to 
help  you  solve  Mectrical  assembly  problems: 

1.  A  complete  line  of  nationally  ad¬ 
vertised  insulating  materials. 

2.  Expert  advice  and  engineering 
service  on  the  best  application  of 
these  materials. 


oflFers  two  services  to 


Whatever  your  insulation  problem,  call  in 
your  nearby  IMC  Engineer.  He  is  trained  in 
the  application  of  electrical  insulation,  and  can 
usually  suggest  an  answer  from  his  experience 
and  the  complete  line  of  products  he  repre¬ 
sents.  Every  one  of  these  products  is  superior 
in  quality  and  designed  for  full  satisfaction  in 
application  and  service. 


IMC  PRODUCTS  t  MocalUii  Mka  ProducH— V«r- 
Ivx  Varnith«d  Cloth  and  Topot— Vortlot  ComM- 
nolien  Slot  Insulation— Fiborglat  Eloctrical 
Insulation— Manning  Insulating  Popors  and  Pross- 
boords — H.  A  V.  Insulating  Popors— Dow  Com¬ 
ing  Siliconos  —  Diotlox  Vornishod  Tubings  and 
Soturotad  Sloovings— Notional  Hard  Fibro  and 
Fishpopor— PhonolHo  Bokolita— Pormocol  Adho- 
sivo  Tapos— Asbostos  Wovon  Tapos  and  Sloov- 
ings— InmcHtco  Colton  Tapos,  Wobbings,  and 
Sloovings— Podjgraa  Insulating  Vornishos— 
Wodgio  Brand  Wood  Wodgos. 


INSULATION 

MANUFACTURERS  CORPORATION 

•CHICAGO  6  '  <sJ*C**’**^Cq^  ‘CIEVELAND  U 


•CHICAGO  6 
565  Wost  Wash 
ington  Blvd. 
MILWAUKEE  2 
312  East  Wisconsin 
Avonuo 


•CLEVELAND  U 
1231  Suporior 
Avo..  N.  E. 

DAYTON  2 

1315  Mutvol  Homo 

•uadina 


DETROIT  2i  15  lowronc*  Avonv* 

*Locol  Stocks  Avoihdilo 
Rsprosonlotivas  in; 

MINNEAPOLIS  3;  I2D8  Harmon  Plocs  PEORIA  5;  101  Heins  Co«rt 


JL^  as  that  at  the  right  can  be 
produced  in  a  single  operation 
with  the  Air  Reduction  Sales  Co. 
photoelectric  cutting  machine 
shown  below  and  on  the  front 
cover. 

A  silhouette  or  outline  draw¬ 
ing  of  the  desired  shape  is  placed 
on  the  table  at  the  left  in  the 
photo,  under  the  photoelectric 
tracing  head.  An  optical  unit  in 
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THE  FRONT  COVER 

^^ESIGNS  as  intricately  curved 


light  downward  on  the  pattern,  ‘ 

and  phototubes  responding  to  the  reflected  light  drive  a  steering 
motor  that  keeps  the  spot  positioned  half  on  the  black  line  and 
half  on  the  white  paper  while  traveling  around  the  pattern  at  the 
desired  cutting  speed.  The  oxyacetylene  cutting  torches  on  the 
other  end  of  the  pantagraph  bar  cut  the  desired  pattern  from  the 
sheet  of  boiler  plate  or  other  material  undeir  the  torches. 

The  number  of  torches  used  can  be  varied  at  will.  Three  are 
shown  in  use,  cutting  out  large  w'ashers,  while  four  are  in  operation 
on  the  front-cover  setup  for  cutting  paper-mill  pulp  beaters  from 
l-inch  low-carbon  plate  4  ft  wide  and  8  ft  long. 

There  are  no  limitations  to  the  variety  of  designs  that  may  be  cut 
with  electronically  controlled  tracing  equipment.  Cutting  accuracy 
is  greater  than  with  manually  guided  or  automatic  mechanical  trac¬ 
ing  spindles,  and  the  low  cost  of  paper  patterns  permits  economical 
operation  even  on  orders  for  single  pieces.  Paper  patterns  are 
easily  stored,  in  contrast  to  storage  problems  for  the  carefully 
machined  metal  templates  otherwise  needed. 

The  electronic  tracing  device  contains  two  phototubes,  an  amplifier 
tube,  a  lamp,  associated  circuit  components  and  optical  lenses,  and 
three  motors  that  control  movement  of  the  head — the  steering  motor, 
the  tracer  driving  motor  and  a  motor  that  raises  or  lowers  the  head 
in  response  to  a  manually  operated  switch.  The  tracing  wheel  con¬ 
trols  the  direction  of  movement  of  the  head  but  does  not  track  over 
the  outline  of  the  template  except  where  it  may  intersect  the  outline. 


Chcmgliig  tubes  is  a  touchy  proposition 
when  those  ioTolTed  cost  about  $5,000. 
Tubes  are  wheeled  into  position  and  low* 
ered  slowly  into  their  sockets  by  truck 
mechanism 

amperes  peak  current  in  the  pri¬ 
mary  at  a  peak  voltage  of  over 
7,000.  The  modulation  choke  has 
an  inductance  of  about  13  henrys 
at  14  amperes. 

The  final  stage  is  a  class  C  push- 
pull  stage  using  two  water-cooled 
tubes  in  a  balanced  bridge  circuit. 
The  filaments  of  these  tubes  carry 
460  amperes  at  32  volts,  and  their 
anodes  are  capable  of  dissipating 
150  kw  with  voltages  around  20,000. 
The  tubes  are  3  ft  6  in.  high  and 
they  are  wheeled  in  and  out  of 
the  transmitter  on  special  trolleys 
for  safety  in  handling  and  ease  of 
replacement. 

Each  transmitter  is  controlled 
from  a  small  metal  desk  where  the 
engineer  may  fire  up  his  transmit¬ 
ter  from  a  cold  start  and  keep 
constant  check  on  its  efficient  oper¬ 
ation.  Complete  monitoring  equip¬ 
ment  is,  of  course,  provided. 

Power  for  the  station  is  obtained 
from  the  Electricity  Authority  at 
11  kv,  3-phase,  50  cps.  Also,  three 
500-kw  diesel-engine-driven  alter¬ 
nators  are  available  for  emergency 
operation. 

For  some  22  hours  a  day,  a  radi¬ 
ated  power  of  1,500  kw  is  sent  out 
to  Europe  and  Asia,  while  from 
other  beam  networks  services  are 
transmitted  to  North  America,  Cen¬ 
tral  and  South  America  at  night, 
and  to  the  Fleet  in  the  Pacific.  The 
longest  circuit  on  which  direct 
transmission  is  achieved  with  ex- 

(continued  on  p  136) 


7SSA  —  8  direct  radiator, 
8  worn.  70  13  000  (ytlec 


7S6A— 10  direct  radiator. 
20  miottc.  85-10.000  eyelet 


7S7A  —  dual  unit  syttetn. 
30  woltt.  80-15.000  cycles. 


778B  12'  direct  lodiotor. 

30  watts,  80  10.000  cycles. 


7S4A  - 12  ’  direct  rodiator  eitra  81911 
e'l-cieriiy.  15  wotic  60  10,000  cycles 
7  548  —  12  d  'eet  rad  otor,  for  out 
door  use  50  wet's,  80  10,000  cycles. 


i  carry 
d  their 


NO  MATTER  what  your  loudspeaker  needs 
may  be,  one  of  these  five  Western  Electric  types 
will  fit  like  a  glove! 

If  you’re  looking  for  superlative  reproduction, 
you  can’t  beat  the  dual  unit  757 A,  with  its 
unequaled  combination  of  efficiency,  frequency 
response  and  power  capacity. 

If  you  want  the  finest  in  direct  radiators,  you’ll 
get  just  that  in  any  one  of  the  four  Western 
Electric  types  —  simply  pick  the  power  you  need. 

All  types  are  available  for  immediate  delivery. 
Call  your  nearest  Graybar  Representative  or  write 
to  Graybar  Electric  Company,  420  Lexington  Ave., 
New  York  17,  N.  Y. 


)tained 


r{?ency 


Western  Electric 

-QUALITY  COUNTS - 


DISTIIIUTOISt  IN  THI  U.S.  A.  — Graybar  Electric 
Company.  IN  CANADA  AND  NEWFOUNDLAND— 
Northern  Electric  Company,  Ltd. 
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The  tube  can  be  used  to  delineate 
leakages  about  magnetic  structures 
or  as  a  means  of  visually  demon¬ 
strating  the  patterns  of  magnetic 
fields.  By  successively  e.xposing  a 
photographic  film  in  a  darkened 
room  as  the  tube  is  moved  about  a 
magnet,  the  field  can  be  mapped,  as 
in  Fig.  2.  A  paper  describing  this 
tube  in  greater  detail  was  presented 
at  the  National  Electronics  Confer¬ 
ence,  Nov.  1948. 
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Tube  Mops  Magnetic  Fields 
Radome  Design  Limitations . 
Series  Overmodulation  .... 
Tronsitron  Oscillator  Tube . . 
Survey  of  New  Techniques. 


Tube  Maps  Magnetic  Fields 


Paths  of  magnetic  lines  of  flux  range),  the  electrons  are  focused 

can  be  traced  with  a  mercury  vapor  into  tight  helical  beams  whose  axes 

diode  having  a  perforated  tantalum  follow  the  magnetic  flux  paths  even 

(or  other  nonmagnetic)  anode  and  a-  in  fields  as  weak  as  0.01  weber  per 
coaxial  cathode.  With  an  anode  po-  square  meter.  Ionization  of  the 

tential  of  10  to  15  volts  (approxi-  vapor  along  the  paths  makes  them 

mately  the  ionization  potential  of  visible. 

the  mercury)  and  a  cathode  current  The  action  of  the  tube,  which  is 
of  about  10  ma  (although  operation  being  studied  by  S.  J.  Tetenbaum 

is  satisfactory  over  a  wide  current  under  the  direction  of  Prof.  S.  G. 

Lutz  at  New  York  University,  can 
be  seen  Electrons 

from  the  cathode 
toward  the  anode.  Because  of  the 
magnetic  field,  only  those  electrons 
whose  initial  trajectories  are  nearly 
tangential  to  the  magnetic  flux  con- 
^  ^  tinue  undeflected  through  the  per- 

forations  in  the  anode.  The  low 
radial  velocities  of  these  electrons 
^  enables  the  magnetic  field  to  con- 
fine  them  to  tight  helical  beams 
whose  axes  follow  the  magnetic  flux 
paths  accurately..  The  only 

cumulative  distortion  a  slight 
drift  in  the  direction  of  the  curva¬ 
ture  axis  of  the  field;  it  is  mini¬ 
mized  by  the  low  electron  velocity. 


Radome  Design  Limitations 

Housings  for  aircraft  radar  and 
radio  antennas  are  often  made  of 
low-pressure  molded  plastic.  The 
two  conflicting  requirements  for 
the  contours  of  these  laminated 
structures,  that  they  do  not  inter¬ 
fere  (1)  with  the  airfoil  design  of 
the  airplane  or  (2)  with  the  focus¬ 
ing  of  the  radar  beam,  make  their 
design  and  fabrication  difficult.  As 
pointed  out  by  F.  H.  Behrens  of  the 
Air  Materiel  Command  before  a 
.seminar  of  The  Society  of  The 
Plastics  Industry  in  June  at  Wash¬ 
ington,  D.  C.,  the  services  and  in¬ 
dustries  working  on  these  problems 
have  developed  means  for  reconcil¬ 
ing  them  to  some  extent. 

Classification  of  Radomes 

Radomes  can  be  classified  into 
types  according  to  the  construc¬ 
tional  means  used  to  minimize  dis¬ 
tortion  of  the  radar  beam.  The 
radome  absorbs  appreciable  power 
from  the  radiated  field  and  also 
distorts  it  by  reflection,  refraction 
and  diffraction.  The  radome  may 
reflect  sufficient  energy  back  into 
the  antenna  to  cause  signal  insta¬ 
bility.  At  most  radio  frequencies 
the  antenna  housing  is  sufficiently 
thin  compared  to  a  wavelength  to 
cause  no  distortion.  However,  at 
microwaves  the  thickness  of  the 
radome  is  comparable  to  a  wave¬ 
length  so  that  reflected  and  re¬ 
fracted  energy  from  the  inner  and 
outer  surfaces  are  not  in  a  phase 
relation  to  produce  cancellation. 

There  are  four  principal  wall 
constructions  in  use:  (1)  thin  wall, 
(2)  thick  wall,  (3)  double  wall,  and 
(4)  sandwich.  The  sandwich  con¬ 
struction  is  the  most  extensively 
used. 

Thin  walled  construction  is  u.sed 


FIG.  I — Gas  diods  shows  magnetic  lines 
in  flux;  diameters  of  electron  beoms  are 
least  in  regions  oi  highest  flux 


FIG.  2 — SuccessiTe  exposures  with  tube  in  Tarious  positions  obout  a  magnetron 
magnet  (pole  faces  and  shunt  remoTed)  show  its  field  configuration;  room  lights,  off 
during  exposures,  were  turned  on  later  to  photograph  magnet 
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/  FM-AM  SIGNAL  GENERATOR 

Type  202 -B  •  54-216  megacycles 


In  January,  1946,  at  the  I.  R.  E.  National  Convention  in  New 
York  City,  a  preliminary  engineering  model  of  the  type 
202-A  FM-AM  Signal  Generator  was  displayed  for  the 
first  time.  Many  well  known  FM  and  television  engineers, 
invited  to  comment  frankly  on  performance  specifications, 
suggested  refinements  and  features  which  they  believed 
would  be  most  desirable  in  the  finished  design. 

Utilizing  this  valuable  information,  Boonton  Radio  Corpora¬ 
tion's  engineers  worked  another  full  year  before  they  were 
ready  to  place  their  approval  on  the  final  design — the  type 
202-B  FM-AM  Signal  Generator. 

The  advantages  of  this  essential  instrument  were  recognized 


immediately.  Since  its  enthusiastic  reception,  the  202-B  has 
increased  in  popularity  and  today  it  is  generally  accepted 
as  the  acknowledged  star.dard  of  FM-AM  signal  generator 
performance.  Practically  every  well  known  rodio  manu¬ 
facturing  concern  is  now  placing  increasing  numbers  of  this 
versatile  instrument  in  full  time  use,  assisting  their  engineers 
and  research  staffs  to  design  and  produce  better,  lower 
cost  radio  and  television  receiving  equipment. 

If  you  have  an  FM  or  television  instrument  requirement,  let 
us  acquaint  you  with  full  particulars  and  technical  data 
concerning  the  Type  202-B  FM-AM  Signal  Generator.  Write 
for  Catalog  F. 
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DESIGNIRS  AMO  MANUFACTURERS  OF  THE  Q  MITER  •  QX  CHECKER 
FREQUENCY  MODULATED  SIGNAL  GENERATOR  •  SEAT  FREQUENCY  GENERATOR  AND  OTHER  DIRECT  READING  INSTRUMENTS 
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REFLECTED  ^j^LL  THIN  ENOUGH 

SO  THAT  REFLECTIONS 
BOTH  SURFACES 
-AW  A"E  SUBSTANTIALLY 
THINWAUED  IN  PHASE.  TOO  THIN 

RAOOME  MICROWAVES 

REFLECTED 
WAVE. 


raoia 

_ _ ...  N,  WAV 


THAT  - >VRA0 


THICKNESS  OF. WALL 
A  MULTIPLE  OF  i 

HALF  WAVE  SO  THAT  - - -  RADIATED 

REFLECTIONS  CANCEL  WAVE 

BETTER  THAN  THIN  THICK  WALLED 
WALL.  BUT  HEAVY  RAOOME 


REFLECTED 

/  ^  WAVE 

diffraction 

DOUBLE  WALLED  RAOOME 


TWO  thin  walls 
SPACED  TO  MINIMIZE 
REFLECTED  WAVE 
STRENGTHENED  BY 
RIBS,  WHICH  INTRO¬ 
DUCE  DIFFRACTION 


TWO  THIN  WALLS 
SPACED  TO  MINIMIZE 
REFLECTION  GIVEN  HIGH 
STRENGTH  WITH  LITTLE 
ADDED  WEIGHT  BY  LOW- 
DENSITY  NONOIFFRACTING 


REFLECTED 


Utility  of  oirborno  radar  dopends  on  tho^ 
oquipmont  haring  a  tuitoblo  window 
■  through  which  to  transmit  its  boom.  Fo\ir 
typos  of  radomos  or#  commonly  used  to 
•  provide  this  window,  but  making  them 
transparent  and  streamlined  is  difficult 


at  radio  and  longer  microwave  fre¬ 
quencies  at  which  the  wall  thick¬ 
ness  can  be  made  small  compared 
to  a  wavelength  in  the  radome 
material.  Such  walls  made  thin 
enough  for  use  at  microwaves  are 
structurally  too  weak  for  use  in 
high-speed  aircraft.  At  lower  fre¬ 
quencies,  where  they  can  be  made 
sufficiently  thick  for  strength,  thin 
walled  housings  are  very  satis- 
.factory. 

Structurally,  the  thick  walled 
housings  are  similar  to  the  thin 
walled  types,  but  the  thickness  is 
made  at  multiples  of  a  half  wave¬ 
length  in  the  dielectric  so  the  re¬ 
flections  are  neutralized.  Because 
of  the  shape  of  the  radome,  the 
waves  do  not  pass  through  all  por¬ 
tions  of  the  material  at  the  same 
angle,  so  the  thickness  is  a  compro¬ 
mise  or  must  be  made  variable. 
This  type  of  wall  is  usually  used  at 
shorter  microwaves ;  at  longer 
wavelengths  this  construction  gives 
an  excessively  heavy  housing. 

The  double  walled  radome  con¬ 
sists  of  two  thin  walls,  one  within 
the  other,  and  accurately  spaced  to 
neutralize  reflections  by  ribs  that 
also  increase  its  strength.  Because 
of  the  poor  strength  and  diffraction 
around  the  ribs,  this  type  is  little 
used. 

The  sandwich  construction  con¬ 
sists  of  two  thin  walls,  one  within 


the  other  as  in  the  double  walled 
type,  but  spaced  and  fully  stabilized 
by  a  low  density  core  material 
bonded  between  the  thin  skins.  This 
arrangement  neutralizes  reflections 
and  provides  tremendous  strength 
with  low  weight. 

Streamlining  and  Transmission 

Unless  the  radome  is  sufficiently 
streamlined  it  produces  intolerable 
drag  on  a  modern  aircraft.  Unless 
it  presents  sufficient  undfstorted 
transmission  to  the  radar  beam, 
the  radome  limits  the  accuracy  of 
the  radar  equipment.  Thus  stream¬ 
lining  is  limited  by  the  critical 
angle  of  incidence  at  which  .the 
radar  waves  will  pass  through  the 
wall.  The  relative  orientation  of 
the  rays  and  the  sloping  surface  of 
the  radome  establish  this  angle. 
The  upper  limiting  angle  of  inci¬ 
dence  is  a  function  of  the  dielectric 
properties  of  the  material  used  for 
the  radome  and  of  the  wall  config¬ 
uration  to  which  it  is  designed.  In 
general,  the  lower  the  dielectric 
constant  and  the  loss  factor,  the 
greater  the  freedom  in  streamlin¬ 
ing. 

A  detailed  study  can  be  con¬ 
ducted  to  good  accuracy  to  deter¬ 
mine  the  angles  of  incidence  and 
polarizing  directions  throughout 
the  radome,  thereby  providing  de¬ 
sign  data  for  grading  the  wall 
thickness.  By  this  means  an  effic¬ 
ient,  streamlined  radome  can  be 
designed,  but  its  final  performance 
depends  on  the  tolerance  to  which 
it  can  be  molded. 

Fabrication  Limitations 

Fabrication  of  radomes  is  beset 
by  many  problems  and  several  im¬ 
provements  are  necefssary  such  as: 
(1)  harder  finishes  that  are  less 
subject  to  erosion  by  rain,  (2) 
close  control  of  outline,  thickness 
and  uniformity  of  material,  (3) 
elimination  of  lap  joints  in  window 
areas  of  critical  types  of  radomes, 
(4)  fabrication  of  controlled 
graded  thicknesses,  and  (5)  elim¬ 
ination  of  hand  tailoring  of  the 
core  in  various  types  of  sandwich 
radomes. 

The  properties  of  laminated 
resins  used  for  radomes  need  im¬ 
provement  also  so  that  they  will 
bond  more  strongly  to  glass  fiber, 
withstand  elevated  temperature. 


have  greater  mechanical  strength, 
lower  dielectric  constant  and  loss 
factor,  and  be  sufficiently  viscous 
so  that  voids  will  not  form  between 
laminations.  Most  current  develop¬ 
ment  is  directed  to  improving  sand¬ 
wich  domes.  Voids  are  avoided  by 
premolding  skins  which  are  then 
accurately  supported  during  sand¬ 
wich  fabrication  by  molds.  The 
core  is  introduced  by  heating  a 
prepared  foaming  batter. 

In  conclusion,  the  speaker  stated 
that  the  future  of  airborne  radar 
depends  to  a  great  extent  on  satis¬ 
factory  solution  of  these  problems. 
(Ed.  Note:  see  also  Part  II  of 
“Radar  Scanners  and  Radomes”  by 
W.  M.  Cady,  M.  B.  Karelitz,  and 
L.  A.  Turner,  vol  26,  MIT  Radiation 
Lab.  Series,  McGraw-Hill,  1948.) 


Series  Overmodulation 

.  By  Robert  E.  Baird 
Chief  Engineer,  KW8C 
Pullman,  Wash. 

Amplitude  modulation  in  excess  of 
100  percent  can  be  produced  with 
a  series  modulator  without  creating 
sideband  splatter.  Several  methods 
have  been  described  for  accomplish¬ 
ing  such  overmodulation  (for  ex¬ 
ample  :  Overmodulation  Without 
Sideband  Splatter,  0.  G.  Villard, 
Jr.,  Electronics,  p  90,  Jan.  1947) 
and  for  exceeding  100  percent  mod¬ 
ulation  on  positive  peaks  without 
exceeding  it  on  negative  peaks. 
Broadcast  stations  in  some  locali¬ 
ties  overmodulate  within  the  five- 
percent  differential  allowed  by  the 
FCC  by  slightly  unbalancing  their 
class-B  linear  amplifier.  The  simple 
method  that  is  to  be  described  here 
rounds  the  negative  peaks  so  that 
overmodulation  cannot  occur  on 
them  even  though  over  200  percent 
modulation  may  be  produced  on 
positive  peaks.  In  this  way  the 
break  in  the  carrier  that  would 
cause  sideband  splatter  is  avoided. 

Modulator  Tube  is  Variable  Resistor 

Series  modulation  has  consider¬ 
able  merit  in  itself  because  there 
are  no  reactances  in  the  modulator. 
All  that  is  needed  is  the  proper  tube 
and  a  power  supply  giving  a  little 
more  than  twice  the  rated  voltage 
of  the  r-f  amplifier.  Figure  lA 

(Continued  on  p  1G0) 
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RECENT  SHERRON 
PROJECTS  INCLUDE 


COMMUNICATIONS 

Trans -Receivers  for  various 
uses 

Television  —  FM  —  AM  — 
Transmitters 

Navigational  Devices,  includ¬ 
ing  Homing  Equipment, 
Radar,  etc. 

Micro- wave  techniques  and 
Radio  Relay  Links 
Ample  Test  Equipment  to  as¬ 
sure  successful  operation  of 
above 


A  DEHNITION  OF  SHERRON  MHHODS  IN  THE 
BUIIDING  OF  CUSTOM  MADE  EUaRONICS  PROJEaS 


ELECTRONIC  CONTROL 
EQUIPMENT  FOR 

Drone  Aircraft  Guided 
Missiles 

High  Gain  Amplifiers 
Computers  and  Calculators 
Servo  Equipment 
Velocity  Propagation  mea¬ 
surement 

Test  Equipment  including  In^ 
strumentation  for  above 


HERE  IN  THE  SHERRON  electronics  laboratory  we  initiate  our 
design  and  development  procedures.  Every  detail  of  a  project's 
embryonic  phase  is  explored  by  thoroughly  seasoned  physicists, 
engineers  and  technicians.  Here  the  pattern  for  the  finished 
product  is  accurately  defined  to  assure  trouble-free  performance. 


VACUUM  TUBE  CIRCUIT 
DEVELOPMENT 

New  applications  for  existing 
vacuum  tubes 

Precision  test  equipment  for 
vacuum  tubes 


CONTROL  OF  MEASURING 
DEVICES 

Flow  indicators 
Sorting,  Counting 
Measurement  of  chemical 
titrations 

Surface  strains,  stresses,  etc. 


THE  SHERRON  electro-mechanical  laboratory  serves  in  the  fab¬ 
rication  of  mechanical  components  for . .  .  computers,  vacuum 
tube  structures,  mechanical  equipment  for  electronoptics,  spe¬ 
cial  precision  wave  guides,  precision  tuning  units,  precision 
drive  mechanisms,  servo  mechanisms.  Staffed  by  graduate 
mechanical  engineers,  equipped  with  the  newest  precision  ma¬ 
chines  and  tools,  this  laboratory  is  invaluable  in  closing  up  the 
margin  for  error  in  the  electronic  equipment  we  manufacture. 


INSTRUMENTATION 

Bridge  measurements 
Null  detectors 
Vacuum  tube  voltmeter- 
ammeters 

Multi-wave  shape  generators 


TELEVISION 

Television  Signal  Synthesizer 
Sync  Generators 
Monoscope 
Shapers  —  Timers 
Wide  band  oscilloscopes 
Air  monitors 

Field  intensity  equipment 
Television  test  equipment 


SHERRON  ELEGRONICS  COMP 


Division  ot  Shorten  Motollk  Corporation 


ELECTRONICS  — December,  1949 


NEW  PRODUCTS 


able  from  20  to  250  megacycles. 
Video  modulation  operating  from  a 
standard  RMA  composite  signal  has 
a  bandwidth  of  4  me  at  3  db.  A 
mutual-inductance  balanced  attenu¬ 
ator  is  provided. 


Edited  by  A.  A.  McKENZIE 


New  equipment,  components,  tubes,  testing  appa¬ 
ratus  and  products  closely  allied  to  the  electronics 
field.  A  review  of  catalogs,  handbooks,  technical 
bulletins  and  other  manufacturers^  literature 


F-M  Monitor 

Graybar  Electric  Co.,  420  Lexing¬ 
ton  Ave.,  New  York  17,  N.  Y.  The 
Western  Electric  model  5A  f-m  fre¬ 
quency  and  modulation  monitor  pro¬ 
vides  continuous  indication  of 
center-frequency  error,  percentage 
of  modulation,  a  visible  alarm  for 


Ceramic  Pickup 

SONOTONE  CwiP.,  Elmsford,  N.  Y. 
Titone  ceramic  pickups  for  78  and 
long-playing  records  use  synthetic 
barium  titanate  piezoelectric  ele¬ 
ments.  The  pickup  for  78-rpm 
records  has  a  0.0027-inch  radius 
needle  tip,  requires  -a  tracking 
weight  of  22  grams,  has  a  lateral 
compliance  of  0.5  x  10  *  cm  per 
dyne  or  better,  and  delivers  an 
open-circuit  output  of  0.75  volt  at 
1,000  cps.  The  pickup  for  L-P  rec¬ 
ords  has  a  0.001-inch  radius  needle 
tip,  requires  a  tracking  weight  of 


part  is  extended  to  provide  a  sta¬ 
tionary  contact  arm  and  mounting. 
Another  stationary  contact  can  be 
mounted  on  the  insulating  bakelite 
front  of  the  coil  form  with  two 
screws.  Contacts  are  heavy  silver 
plating  applied  directly  to  the  iron 
magnetic  parts.  They  are  rated 
for  100  milliamperes  d-c  at  50  volts 
for  maximum  life.  Coils  are  wound 
to  any  desired  resistance  up  to  a 
maximum  of  1,600  ohms. 


overmodulation,  program  monitor, 
and  noise  detector  for  measurement 
of  transmitter  a-m  noise.  Extension 
meters  can  be  added.  Write  for 
brochure  WECO-T2437. 


Coils  and  Springs 

Webster  Spring  Corp.,  97  South 
5th  St.,  Brooklyn  11,  N.  Y.  The 
coils  and  springs  illustrated  ‘  indi- 
Television  Signal  Standard  cate  the  scope  of  the  company’s 

Measurements  Corp.,  Boonton,  _  . 

N.  J.  Model  90  television  standard  ' 

signal  generator  has  a  master  os-  a 

cillator,  buffer,  and  modulated  _ 

power  amplifier.  Output  circuits 

are  overcoupled  to  permit  modula- 

tion  frequencies  up  to  5  megacycles.  ^ 

Carrier  range  is  continuously  vari-  v  ^ 


only  6  grams,  has  a  lateral  compli¬ 
ance  of  0.75  X  10  *  cm  per  dyne,  and 
delivers  0.25  volt  at  1,000  cps  on  a 
test  record.  Both  pickups  have 
permanent  sapphire  needles  and 
wide  frequency  responses.  Mount¬ 
ing  and  electrical  adapters  are 
available  so  that  the  cartridge  can 
be  used  in  standard  tone  arms. 


manufacturing  possibilities.  In 
addition,  solenoids  and  i-f  trans¬ 
formers  can  be  furnished  on  order 
in  small  or  large  quantities. 


Supermidget  Relay 

Potter  and  Brumfield  Mfg.  Co., 
549  W.  Washington  Blvd.,  Chicago, 
Ill.  A  new  type  of  miniature  relay 
weighing  only  0.33  ounce  eliminates 
all  nonfunctional  parts.  The  core 
parts  are  formed  to  act  as  current- 
carrying  elements  and  contacts,  one 
part  providing  the  armature  and 
movable-contact  arm  while  another 


Siibmidget  Switches 

General  Control  Co.,  1200 
Soldiers  Field  Road,  Boston  34, 
Mass.  New  lever  switches  have 
shielding  between  switch  assem¬ 
blies  and  single-hole  mounting  or 
two  sets  of  four  holes  on  standard 
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WATIt  CATHOOt  TYPIS 
CK570a/CKM5CX  Cliwoct«rwtia  •!  «AKS 

CK5703;CK*OKX  Triad*.  UNF  OKai«ler,  ^ 

CK5704/CK40MX  DM*,  («  •«»« 

CK5744;CK61 9CX  Tried*.  Hi9li  i*«. 
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0.900*0.400  1.54  1.25 
0.290*0.990  1.54  1.25 
0.290*0.990  1.54  1.25 
0.900*0.400  1.54  1.25 


K6I 

CK502AX 

CK503AX 

CK505AX 

CK504AX 
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0.215*0. 915  1.5  1.25 

0.245«0.400  1.25  0.425 
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CK529AX 
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.-•CK599AX 
CK595AX 
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0.245*0.945  1.25  0.425 
0.245*0.545  1.5  1.25 
0.245*0.945  1.5  1.25 
0.245*0.945  1.5  1.25 
0.245*0.945  1.5  1.25 
0.245*0.945  1.5  1.25 
0.245*0.345  1.5  1.25 
0.290*0.990  1.5  1.25 
0.245*0.945  1.5  1.25 
0.245*0.545  1.5  1.25 
0.300*0.400  1.54  1.25 
0.500*0.400  1.54  1.25 
0.245*0.400  1.5  1.25 


0.900*0.400  1.5  1.25 
0.290*0.990  1.25  0.425 
0.245*0.945  1.5  1.25 
0.900*0.400  1.5  1.25 
0.500*0.400  1.5  1.25 
0.300*0.400  1.5  1.25 


0.245*0.400  1.25  0.425 
0.215*0.400  1.5  1.25 
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RAYTHEON 

SUBMINIATURE  TUBES 

for  Special  Purpose  Applications 


ThU  chart  fhroc  yee  et  m  th«  char  act  arttttet  of  raRrataotottva  Eaythoaa 


Tried*.  UNF  OKMeler.  H  weth  «!  500  M< 
Died*.  ecvivai*i»t  te  ee*  4eif  4Al5 
Tried*.  Hidh  ie«. 

Cliere€t*r«tic>  ef  4AS4 


if  Fenfed*  for  dec**t  redie 
Ovtdwl  Folded*  for  dochot  redie 
Died*  Fouled*  for  dockoi  redio 
Tried*  H*e*ed*  for  eecfc*t  redie 


45.0  1.5  5e*ciel  Circwd 


C*«  Tried*.  I*d-  tedi*  Cerdrol 
Owid**  Fouled* 

0«r*dwi  Footed* 

VeHod*  And'  F**l. 

Owldwl  Ftnied* 


0.550  1.91  1.4 

0.245*0.945  1.5  1.25 

<f.  245*0. 945  1.5  1.25 

0.215*0. 915  1.5  0.425 


Dowbl*  Sdec*  Ckerd*  T*fred*  AmdiifiC'  0.245*0.400 


low  micredkeeic  «oH«d*  endlifier 
Oiddwl  Fnded*  20  *0.  filemerd 
Owid*i  Fowled* 

Owid«l  Fewiod* 

Owidw*  Fowled* 

Owidwt  Fowled* 

Ooidw*  Fowled*  1 5  ne.  flemeiiC 
Sliioidod  Owidwl  Fowled* 

0*ld*l  Fowled* 

Owld«l  Fowled* 

Died*  Fowled* 


1 0  ne.  F4en*wl  •l•<trewl•l•r  Ivee, 

Id  *  2a10->*  end*. 


UK573AX  Tried*,  rndk  froqwwcv  ewld*t 

CK574AX  SAioldod  Fowled*  RF  Andiifier 

CK5472  Owidol  Fowled* 

CK5474;CK554AX  Tried*.  UHF  OKiNeler  for  r*die  ine 

CK5477/CX544AX  Tried*.  UHF  OKilloler  for  redie  we 

CK5474;CK549AX  RF  Fowled* 


CK549/,  CK570AX  Elocirowwior  Tried*  Me*,  c*rr*wl 
5*l(h>*  one*. 


Iwv«rt*  d*«R  9500  vo4* 


owl  reed*  14  I*  9.5  *w. 
’reel  reed*  5 1*  25  n*. 


Veitod*  roferoec*  tehe^lik*  5451 
Veiled*  rofdeier 


Odo'o^iod  **i**d*  **•  Odo'ofMd  I 
Odwv^i^d  *oii*d*  1 00.  Od*'**'*9 


RAYTHEON  MANUFACTURING  COMPANY 

i  SPtClAV  rUBt  SiCriON 

Nowton  58,  Messachusotts 


RAYTHEON 


in  tfiAeAerrecej 


MSio  Mltivitra  lute. 


ELECTRONICS  — December,  1948 


129 
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center^.  Total  depth  of  the  frame 
behind  the  panel  is  2i  inches  to 
2  21/32  inches  depending  upon  the 
contact  arrangement. 

Bus  Receiver 

General  Electric  Co.,  Syracuse, 
N.  Y.  The  f-m  fixed-tuned  receiver 
shown  is  used  in  buses  or  other  ve¬ 
hicles  that  are  a  part  of  the  pro¬ 
gramming-advertising  combination 
sometimes  known  as  “car-card  ra¬ 
dio”.  Crystal  controlled  at  the  fre¬ 


quency  of  the  desired  station,  the 
receiver  operates  from  the  bus  bat¬ 
tery,  is  connected  to  four  or  eight 
speakers,  and  is  used  with  a  dipole 
mounted  externally  over  the  driv¬ 
er's  seat. 

Basic  Oscilloscopes 

James  Millen  Mfg.  Co.,  Inc., 
Malden,  Mass.  The  three  models  of 
rack  panel  oscilloscopes  have  been 
designed  as  basic  units  to  which 


other  units,  such  as  sweep  circuits, 
pulse  generators,  and  amplifiers  can 
be  added  for  any  laboratory  or  in¬ 
dustrial  use.  Models  90902,  90903, 
and  90905  use  two-,  three,-  and  five- 
inch  tubes,  respectively. 

Small  Wei  Cell 

The  ViTAMiTE  Co.,  227  West  64th 
St.,  New  York  23,  N.  Y.  A  new  re¬ 
chargeable  nonspiil  wet-cell  battery 
model  2A-3.00  weighs  six  ounces. 
It  has  a  four-ampere  capacity  and 


has  been  designed  to  operate  under 
low-temperature  and  low-pressure 
conditions. 


Microwave  Calorimeter 

DeMornay  Budd  Inc.,  475  Grand 
Concourse,  New  York  51,  N.  Y. 
Measurement  of  absolute  r-f  power 
in  a  series  of  frequency  bands  be¬ 
tween  2,600  and  26,500  megacycles 


is  now  possible.  Accuracy  of  2 
watts  at  average  power  readings  of 
100  to  500  watts  is  attained  by  the 
calorimetric  principle. 

Educational  F-M 

General  Electric  Co.,  Syracuse, 
N.  Y.  A  new  f-m  broadcast  trans¬ 
mitter  type  BT-ll-B  operates  in 
the  88-to-l  08-megacycle  range,  but 
is  designed  for  a  power  output  of 
ten  watts  or  less  for  noncommercial 


educational  work.  Coverage  ranges 
from  5  to  10  miles  depending  upon 
the  installation.  The  unit  employs 
a  Phasitron  modulator,  has  21 
tubes,  and  weighs  280  pounds. 

•  Standing-Wave  Meter 

Kay  Electric  Co.,  Pine  Brook, 
N.  J.  The  modified  Megamatch 
displays  reflected  energy  in  band- 
widths  of  30  me  anywhere  between 


10  and  500  me,  and  can  be  used  for 
most  work  up  to  1,000  me.  Price  of 
the  modified  unit,  which  uses  a 
special  coaxial  detector  and  delay 
line,  is  $895  f.o.b. 

Multiple  Recorder 

Leeds  and  Northrop  Co.,  4934 
Stenton  Ave.,  Philadelphia  44,  Pa. 
A  new  Speedomax  recorder  auto¬ 
matically  logs  as  many  as  160 
separate  thermocouple  tempera¬ 
tures  in  succession  at  a  rate  of  4 


(continued  on  p  178) 
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FOR  FINER  ALL-WEATHER  RECORDING 


Notv  cutdlodlsc  lacquer 
provides  permanent 
resistance  to  humidity 


Excessive  humidity  has  long  been  one  of  the  industry’s 
major  problems  — both  to  the  manufacturer  and  to  the 
recordist.  Humid  conditions  in  factories  have  frequently 
held  up  production  and  caused  excessive  spoilage.  Also, 
discs  which  have  absorbed  too  much  moisture  make  poor 
recordings.  The  noise  level  increases  progressively  while 
recording  and  the  cut  gets  greyer  and  greyer. 

Air  conditioning  has  been  tried  by  several  producers, 
but  this  does  not  prevent  moisture  absorption  during 
transportation  and  storage.  The  real  solution  lies  in  the 
formulation  of  a  lacquer  which  will  provide  permanent 
resistance  to  humidity.  This  has  now  been  successfully 
accomplished  by  our  research  laboratory.  Here  are  the 
facts: 


1.  The  Improved  Acdiodisc  Formulation  has  eliminated  all 
production  difficulties  due  to  excessive  humidity.  During  the 
past  summer  no  trouble  was  encountered,  even  with  humidity 
as  high  as  90%. 

2.  Countless  Tests  in  our  “weather  room”  have  proved  the 
new  Audiodiscs  to  be  remarkably  resistant  to  moisture  absorp¬ 
tion.  Discs  subjected  to  a  temperature  of  90®  at  80%  to  90% 
humidity  for  many  weeks  show  no  increase  in  noise  level  while 
recording.  Ordinary  discs,  under  the  same  conditions,  show 
a  noise  level  increase  of  from  15  to  25  db.  The  most  conclusive 
proof  of  all,  however,  has  come  from  the  field— for  during  the 
past  summer,  one  of  the  most  humid  on  record,  our  customers 
have  reported  no  difficulties  in  recording  or  reproduction  due 
to  humid  conditions. 

3.  This  “Weather-Proof”  Feature  has  been  achieved  with¬ 
out  any  basic  change  in  our  lacquer  formulation.  Recordists 
will  therefore  continue  to  note  the  outstanding  qualities  in 
recording,  playback  and  processing  which  have  made  for 
Ai  DiODisc  leadership. 

• 

This  improved  humidity-resistant  lacquer  is  now  used  on  all 
Audiodiscs.  It  is  your  assurance  of  finer,  all-weather  recording 
—with  the  same  consistent,  uniform  quality  which  has  char¬ 
acterized  Audiodiscs  for  a  decade. 

*R^.  u.  S.  P.i.  Off. 


Audiodiscs  are  manufactured  in  the  U.S.A.  under  exclusive  license  from  PYRAL,  S.A.R.L.,  Paris. 

Audio  Devices,  Inc.,  444  Madison  Ave.,  N.Y.C. 

Export  Dept:  Rocke  International,  13  East  40th  Street,  New  York  16,  N.  Y. 


the  Library  of  Congress,  Washing¬ 
ton,  D.  C.,  on  October  21,  1948.  The 
system  shown  consists  of  a  some¬ 
what  unconventional  scanning  de¬ 
vice  employing  a  flying-spot  cath¬ 
ode-ray  tube  and  a  photomultiplier 
tube,  a  7,000-megacycle  relay  link, 
and  a  projection  kinescope  at  the 
receiving  end  to  expose  a  16-mm 
moving  film.  The  experimental 
transmitter  uses  a  35-mm  film  on 
which  is  recorded  the  desired  intel¬ 
ligence.  An  important  feature  of 
the  systepi  is  the  rapid  development 
of  the  film  at  the  receiver.  For 
demonstration  purposes  a  small 
unit  built  by  Eastman  Kodak  was 
used  that  moved  the  exposed  film 
through  a  hot  developing  bath,  de¬ 
livering  a  dry  positive  film,  suit¬ 
able  for  viewin:?,  in  40  seconds. 
Already  deve’oped  but  not  demon¬ 
strated  is  a  three-channel  machine 
for  printing  up  enlarged  paper 
copies  of  the  received  messages. 

To  date,  the  photographic  aspect 
of  the  system  lags  somewhat  behind 
the  electronic  equipment  which  is 
essentially  simpler  and  represents 
the  refinements  of  known  tech¬ 
niques.  However,  certain  develop¬ 
ments,  such  as  a  flying-spot  scan¬ 
ner  with  a  narrow  beam  have  been 
essential.  The  radio  transmission 
speed  was  pointed  up  by  the  trans¬ 
mission  of  the  whole  of  the  book, 
“Gone  with  the  Wind”  page  by  page, 
in  two  minutes  and  twenty-one 
seconds.  Photographing  the  pages 
and  reprinting  them  at  the  receiver 
would  take  substantially  longer. 

The  functioning  of  the  system  on 
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.Magnetic  recording  standardH;  train 
television  demonstrated;  FCC 
abandons  operator  license  changes 


Park'  Strollers  View  World  Series 


Baseball  fans  unable  to  get  into  the  ball  park  Tiew  opening  game  oi  World  Series  OTer 
RCA  television  sets  installed  by  that  company  on  Boston  Common.  Telecast  was  from 
WBZ-TV.  Brighton,  Mass.,  with  microwore  relay  and  coaxial  coble  providing  feed  from 
the  master  receiver  atop  the  Hits  Carlton  Hotel 


One  of  the  largest  group  installa-  verted  back  to  a  standard  television 
tions  of  television  sets  ever  made  signal  and  fed  through  a  total  of 
brought  the  recent  World  Series  to  three  miles  of  coaxial  cable  to  the 
an  estimated  100,000  viewers  on  100  individual  sets. 

Boston  Common.  Over  one  hundred  Each  set  was  mounted  on  a  7i-ft 
RCA  Victor  721TS  receivers  with  stand  with  a  special  shadow  box  to 
52-sq-in.  screens  were  set  up  by  cut  down  sunlight,  so  that  as  many 
RCA  Service  Company  technicians,  as  a  hundred  people  at  a  time  were 
For  this  mass  installation  of  sets,  able  to  sit  and  stand  in  front  of 
a  special  receiver  was  installed  atop  each  set  and  view  the  game  satis- 
the  Ritz  Carlton  Hotel  to  pick  up  factorily  despite  full  daylight, 
the  telecast  from  WBZ-TV  and  feed 
a  microwave  transmitter  that 
beamed  the  program  directly  to  the 
control  tent  on  the  Common.  A  five- 
foot-diameter  parabolic  reflector  on 
the  hotel  roof  was  aimed  at  a  sim¬ 
ilar  dishpan  atop  the  control  tent  to 
provide  ghost-free  and  interfer¬ 
ence-free  transmission  to  the  sets 
at  the  tent.  The  signal  was  con- 


Ultrafax  Progress  Report 

The  present  status  of  a  new  tech¬ 
nique  for  transmitting  enormous 
quantities  of  written,  printed,  or 
drawn  material  in  an  extremely 
short  time  was  demonstrated  by 
Radio  Corporation  of  America  at 


Donald  S.  Bond,  RCA  Laboratories,  Ultraiax 
project  engineer  threads  film  to  be  trans¬ 
mitted  between  the  flying-spot  scanner 
(left)  and  the  photomultiplier  tube  (in  light¬ 
tight  box  beneath  his  left  hand) 
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to  manufacturers  of 
electronic  equipment 


Can  be  welded,  brazed,  or  soldered  to  case,  forming  a  strong, 
permanent,  hermetic  seal  that  eliminates  moisture  problems  and 
often  permits  more  compact,  light-weight  design. 


General  Electric  is  now  offering  to  other  manufacturers  the  glass  bush¬ 
ings  that  it  has  used  so  successfully  on  capacitors,  rectifiers,  modulator 
and  instrument  transformers,  and  other  electrical  equipment.  These 
bushings  are  cast  of  an  exceptionally  stable,  low-expansion  glass.  Metal 
hardware  is  a  special  nickel-alloy  steel,  fused  to  the  glass  in  casting. 
Bushings  are  attached  directly  to  the  apparatus  without  gaskets — 
by  soldering,  welding  or  brazing  the  metal  bushing  flange  to  the  metal 
case. 

The  resulting  joint  between  bushing  and  equipment  is  permanent, 
vacuum-tight,  and  of  high  mechanical  strength.  It  is  especially  desir¬ 
able  for  equipment  subject  to  vibration,  shock,  fungus  growth  or  severe 
changes  in  temperature.  These  glass  bushings  are  currently  available 
to  meet  dry,  60-cycle,  flashover  values  of  from  10  to  50  kv,  and  in 
current  ratings  of  25  and  50  amperes  (large  sizes  up  to  800  amperes). 
They  may  be  single  or  multi-conductor  and  can  provided  with  a 
top  flange  to  permit  mounting  tube  sockets  directly  on  the  bushings. 
Diameters  range  from  to  inches  and  weights  from  2)4  oz. 
to  4  lb. 


Th«  b«*t  way  to  evaluat*  these  glass 
bushings  for  capacitors,  modulator 
transformers,  and  other  electronic 
equipment,  is  to  see  them.  If  you  will 
send  us  a  sketch  and  ratings  of  bush¬ 
ings  you  are  now  using,  we  will 
furnish  you  with  samples  of  one  or 
more  of  our  standard  glass  bushings. 
Or  write  for  Bulletiis  GEA-5093  which 
contains  complete  listings  of  our 
standard  designs,  allowing  you  to 
select  the  particular  bushing  you  re¬ 
quire.  Power  Tronsformer  Safes  Divhion, 
G  jneraf  Electric  Co,  16-215  PiHtMd,  Matt. 
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an  economic  basis  is  predicated 
upon  the  establishment  of  nation¬ 
wide  microwave  relay  links  also 
necessary  for  television.  It  was 
suggested  that  transatlantic  service 
might  begin  soon  if  government 
services  could  maintain  a  chain  of 
relay  airplanes,  spaced  about  every 
200  miles  between  North  America 
and  Eutope. 

Although  the  reproductions  ob¬ 
tained  at  the  receiver  were  reason¬ 
ably  good,  it  has  been  pointed  out 
that  greater  clarity  and  a  goal  of 
“a  million  words  a  minute”  will 
only  be  possible  using  bandwidths 
of  10  megacycles  as  compared  with 
the  five-megacycle  width  employed 
for  demonstration  purposes. 


MEETINGS 


Measurements  Committee 
jointly  with  the  IRE  and 
National  Bureau  of  Stand¬ 
ards,  at  Washington,  D.  C. 

March  7-10:  IRE  annual  con¬ 
vention,  Hotel  Commodore 
and  Grand  Central  Palace, 
New  York  City. 

April  11-15:  Sixth  Western 
Metal  Congress  and  Exposi¬ 
tion,  Shrine  Auditorium,  Los 
Angeles,  Calif. 

May  16-20:  Radio  Parts  Indus¬ 
try  Trade  Show  and  RMA 
Silver  Anniversary  Conven¬ 
tion,  Hotel  Stevens,  Chicago. 


Nov.  29-Dec.  1:  Conference  on 
electronic  instrumentation  in 
nucleonics  and  medicind*,  spon¬ 
sored  by  IRE  and  AIEE,  En¬ 
gineering  Societies  Building, 
New  York  City. 

Nov.  29-Dec.  4:  18th  National 
Exposition  of  Power  and  Me¬ 
chanical  Engineering,  Grand 
Central  Palace,  New  York. 

Dec.  10-11 :  Southwestern  IRE 
Conference,  Baker  Hotel, 
Dallas,  Texas. 

Jan.  10-12:  Symposium  on 
high-frequency  measurements, 
held  by  Instruments  and 


inches  per  second^  for  a  frequency  NAB  board  of  directors  for  final 
response  of  50  to  7,500  cycles  and  adoption  at  the  regularly  scheduled 
a  supplemental  i»tandard  of  30  November  meeting, 
inches  per  second  for  all  wide-range 
standards.  The  latter  essentially 
corresponds  to  the  European  stand¬ 
ard  77  mm  (30.318  inches)  estab-  Industry  to  Present 
lished  by  the  German  magneto-  Views  to  FCC 
phone. 

The  committee  also  agreed  that 
the  minimum  playing  time  per  reel 
should  be  33  minutes.  Maximum 
permissible  noise  level  was  set  at  40 
db  below  peak  signal  level.  Zero  db 
level  was  set  at  2-percent  distortion. 

It  is  expected  that  the  standards 
will  be  ready  for  submission  to  the 


Magnetic  Recording 
Standards 

Announcement  of  a  proposal  of 
three  recording  speeds  for  mag¬ 
netic  tape  was  recently  made  by  the 
National  Association  of  Broadcast¬ 
ers’  Recording  and  Reproducing 
Standards  Committee.  The  group’s 
proposal  involves  adoption  of  a 
primary  standard  magnetic  tape 
speed  of  15  inches  per  second  for  a 
frequency  response  of  50  to  15,000 
cycles,  a  secondary  standard  of  7.5 


The  RMA  has  appointed  a  com¬ 
mittee  to  confer  with  FCC  Chair¬ 
man  Coy,  and  to  offer  the  RMA’s 
assistance  in  expediting  an  FCC 
decision  in  the  matter  of  the  recent 
temporary  freeze  on  television  sta¬ 
tion  applications. 

The  committee  consists  of  presi¬ 
dent  Max  Balcom;  W.  R.  G.  Baker, 
director  of  the  RMA  Engineering 
Department  and  vice-president  of 
GE ;  H.  C.  Bonfig,  vice-president  of 
Zenith  Radio  Corp. ;  Allen  B.  Du¬ 
Mont,  president  of  Allen  B.  Du¬ 
Mont  Laboratories,  Inc.;  Frank  W. 
Folsom,  executive  vice-president  of 
RCA  Victor;  Paul  V.  Galvin,  presi¬ 
dent  of  Motorola  Inc. ;  and  L.  F. 
Hardy,  vice-president  of  Philco 
Corp. 


Hospital  Television 


Radio  Network  for  Farmers 

An  F-m  network  with  no  wires 
whatsoever,  known  as  the  Rural 
Radio  Network  Inc.,  has  been  es¬ 
tablished  by  ten  farm  organizations 
to  serve  about  118,000  farms  in 
New  York  State.  Stations  are 
linked  together  only  by  direct  radio 
pickup  of  each  other’s  programs. 
Stations  now  on  the  air,  with  fre¬ 
quency  assignments  and  distance 
to  the  adjacent  station  they  feed  or 

(Continued  on  p  217) 


Nurse  tunes  in  television  receiver,  a  gift  of  the  Baltimore  Rotary  Club,  while  iron  lung 
patients  watch  their  individual  mirrors 


Polio  victims  in  an  iron  lung  ward  screen  television  receiver.  Special 
at  the  Baltimore  Children’s  Hospital  mirrors  were  erected  above  the 
School  recently  had  installed  for  patients’  heads  so  that  all  could  see 
them  a  Stromberg-Carlson  12-inch  the  screen. 
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ELECTRONIC  DEVICES;  RADIO  TUBES:  CATHODE  RAY  TUBES;  PHtiTOLAMPS; 
FLUORESCENT  LAMPS,  FIXTURES.  WIRING  DEVICES;  ELECTRIC  LIGHT  8ULH3 


IN  THE  TRANSMIHER,  a  Type  1N34  SYLVANIA  GER¬ 
MANIUM  DIODE  rectifies  the  audio  modulating  volt¬ 
age,  to  provide  a  variable  d>c  bias  for  automatic  gain  con¬ 
trol.  Use  of  such  a  circuit  helps  prevent  over-modulation 
while  maintaining  a  high  average  audio  level.  The  result 
— voices  of  the  train  crews  are  transmitted  clearly,  evenly. 


IN  THE  RECEIVER,  another  SYLVANIA  GERMANIUM 
DIODE,  Type  IN34,  provides  a  delayed  noise-gate  action 
which  suppresses  undesired  noise  interference  in  the  re¬ 
ceiver  output.  Hence,  only  signals  of  usable  amplitude 
will  actuate  the  squelch  circuits  and  the  receiver  is  kept 
essentiallv  silent  in  the  absence  of  a  carrier. 


IMPROVE  PERFORMANCE  OF  FARNSWORTH  VHF 
RAILROAD  COMMUNICATIONS  EQUIPMENT! 


Use  of  Sylvania  Germanium  Diodes  may  improve 
the  performance  of  your  equipment,  too— or  sim¬ 
plify  its  design,  reduce  its  size  and  weight.  Techni¬ 
cal  literature  is  available  to  help  you  start  your 
planning. 

GET  THE  FACTS  ON  TV  USES  TOO! 
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Walls 

Maximum 
Retislance 
per  section 
Ohms 

Minimum 
Resistance 
per  section 
Ohms 

136 

1 

13/32" X 1/4" 

0.25 

K  •' 

f. 

137 

2 

45/64" X 1/4" 

iTIn 

K '  X  * 

1. 

133 

3 

1-5/32" X  3/8" 

0.25 

E  ’  X ' 

1. 

134 

4 

1-1/4" X  3/8" 

0.25 

E  X '  IE 
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AKRA-OHM  PRECISION  RESISTORS 


Band  and  frequency  changing  is  expedited 
by  the  use  of  mobile  tank  circuits.  A  rail 
system  guides  trucks  accurately  to  their 
contacts  in  the  transmitter  cabinet 


cellent  results  at  the  receiving  end 
is  14,000  miles  using  a  100-kw 
channel,  the  full  output  of  one 
transmitter.  The  average  shut¬ 
down  time  since  the  station  was 
commissioned  in  1943  has  been  less 
than  0.04  nercent. 

Graphical  Iron  Core 
Reactor  Design 

By  Morton  R.  Whitman  ‘ 


for  ^^miniaturization^^  programs 


These  new  Shallcross  Akra-Ohm  Wire- 
Wound  Precision  Resistors  have  been  de¬ 
signed  to  meet  the  needs  of  modern,  mini¬ 
ature  equipment.  Standard  tolerance  is  1% 
and  closer  tolerances  can  be  furnished  on 
special  order. 

The  units  offer  unusually  high  and  ac¬ 
curate  resistance  values  in  small  space  and 
are  light  enough  to  be  suspended  by  their 


own  tinned  copper  leads,  or  may  be  secured 
with  mounting  screw. 

Other  Shallcross  Akra-Ohm  Precision 
Resistors  include  types,  shapes,  mounting 
arrangements  and  ratings  for  every  close- 
tolerance  requirement  and  are  designed  to 
meet  JAN  specifications.  Write  for  Bulle¬ 
tin  RG,  giving  complete  precision  resistor 
data  in  convenient  chart  form. 


Engineering  Department 

Thordarson  Electric  Manufacturing 
Division 

Chicago,  Illinois 

Reactor  designers  are  usually 
plagued  by  the  mutually  hostile  re¬ 
quirements  of  speed  and  an  opti¬ 
mum  balance  of  the  parameters  in¬ 
volved  in  the  design  of  reactors 
which  carry  both  direct  and  alter¬ 
nating  currents. 

An  optimum  balance  means  the 
use  of  readily  available  parts  and 
standard  production  techniques,  a 
minimum  of  material  in  construc¬ 
tion,  low  operating  noise  level  and 
good  thermal  and  insulation  char¬ 
acteristics. 

The  principal  difficulty  in  this 
problem  arises  from  the  nonlinear¬ 
ity  of  the  magnetic  material  used 
in  core  structures.  This  makes  im¬ 
possible  the  derivation  of  an  ex¬ 
plicit  formula  which  could  give  ac¬ 
curately  say,  the  size  and  weight  of 
a  specified  reactor.  The  purpose 


Complete  Service 
measurement  facilities 
IN  A  SINGLE  INSTRUMENT 

The  improved  Shallcross  614-A  Service  meter  covers  a  wide 
ranxe  of  measurements.  These  include  d-c  and  a-c  voltase, 
capacitance,  and  d-c  resistance.  Also  it  can  be  used  for 
approximatinx  an  artificial  load.  Auxiliary  scales  provide  an 
inductance  range  of  1  to  100;  1,000,  10,000  henries,  and  an 
a-c  resistance  ranee  of  25  ohms  to  3  megohms.  Only  two 
switches  are  used  for  25  ranges.  The  instrument  is  self- 
contained,  housed  in  a  metal  case  with  handle  and  weighs 
only  12V2  lbs.  Write  for  details. 


SHALLCROSS 


MANUFACTURING 

P«pt.  E-128,  Collingdale,  P*nna. 


COMPANY 


t 
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tubes  at  work  ^continued) 


FIG.  1 — Alignment  chart  which  may  be 
altered  to  give  actual  design  figures  by 
reference  to  data  on  an  arbitrarily  selected 
prototype  unit  and  appropriate  vertical 
displacement  of  vertical  axes 

here  is  to  suggest  empirical  tech¬ 
niques  for  doing  these  things. 

Model  theory  offers  a  useful  ap¬ 
proach  to  this  problem.  It  gener¬ 
alizes  the  results  obtained  on  a 
sample  and  makes  possible,  in  effect, 
the  extrapolation  of  the  data  so  ob¬ 
tained.  The  precision  of  data  ob¬ 
tained  in  this  way  depends  on  how 
accurately  a  unit  holds  to  scale 
with  this  sample,  or  prototype. 
Nevertheless,  even  if  the  scale 
factor  is  omitted  from  considera¬ 
tion,  the  results  are  significant 
from  a  design  point  of  view. 

An  important  result  of  the  kind 
discussed  is  the  relation:  weight 
equals  kLP  where  weight  is  that 
of  either  core  iron  or  total 
core  and  coil  weight  (adjust¬ 
ment  of  the  constant  k  can  be 
performed  to  suit  one  requirement 
or  the  other  since  in  a  line  of  geo¬ 
metrically  similar  reactors  the 
winding  weight  will  be  a  relatively 
fixed  percentage  of  total  core  and 
coil  weight) ;  L  is  the  inductance, 
and  I  is  the  direct  current  in  the 
winding.  An  alignment  chart  is 
presented  in  Fig.  1  to  expedite  use 
of  this  relationship.  The  chart  is 
not  intended  to  give  actual  design 
figures  but  can  be  made  to  do  so  by 
reference  to  the  data^.on  an  arbi¬ 
trarily  selected  prototype  unit  and 
appropriate  vertical  displacement 
of  the  axes.  Greatest  accuracy  can 
be  secured  by  choosing  as  prototype 


NEW  CATALOG 

by  Ward  Leonard 


Have  you  received  your  copy? 

It's  packed  full  of  helpful  informa¬ 
tion  for  engineers  and  designers. 
You’ll  find  the  resistor,  rheostat,  re¬ 
lay  or  control  device  you  need  quick¬ 
ly  in  this  new  Ward  Leonard  com¬ 
plete  line  catalog. 

If  you  have  not  yet  received  your 
complimentary  copy,  write  on  your 
company  letterhead,  and  we  will  see 
that  it  is  forwarded  to  you  immedi¬ 
ately. 

Simply  address  Ward  Leonard 
Electric  Co.,  31  South  St.,  Mount 
Vernon,  N.  Y.  Offices  in  principal 
cities  of  U.  S.  and  Canada. 


WARD  LEONARD 

ELECTaiC  COMPtIT 

RESISTORS  .  RHEOSTATS  .  RELAYS  •  CONTROL  DEYtCES 
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Fairchild 

Precision 

Potentiometers 


sustained  accuracy 
low  noise  level 
obsolute  resolution 
resetability 
multiple  gonging 


For  furthor  information  addrott:  Dapt.  *K'; 
88-06  Van  Vyck  Boulovard,  Jamaica  I,  Now  York 


Tracing  cloth 
that  defies 
time 


CAMERA 

AND  INSTRUMENT  CORPORATION 


special  nails  •  rivets  •  screws  •  made  to  your  order 


HASSALL  cold-heading  may  solve 


your  immediate  special  part  problem 


Special  nails,  rivets  and  threaded 


parts  made  in  diameters  from  1/32 


to  3/8"— lengths  up  to  7 


3/ 32"  diameter  and  smaller  a  specialty 


.Variety  of  metals,  finishes  and  sec 


ondary  operations  . . .  Economy,  qual 


ity  and  quick  delivery  in  large  or  small 


quantities . .  .Tell  us  what  you  need  '  f 

...We  will  answer  promptly.  ASK  FOR  FREE  CATALOG.  3 -color 
Decimal  Equivalents  Wall  Chart  free  on  request. 


•  The  renown  of  Imperial  os  the  finest  in 
Tracing  Cloth  goes  bock  welt  over, half  a 
century.  Draftsmen  all  over  the  world  prefer 
it  for  the  uniformity  of  its  high  transparency 
and  ink-taking  surface  and  the  superb  quality 
of  its  cloth  foundation. 

Imperial  takes  erasures  readily,  without 
damage.  It  gives  sharp  contrasting  prints  of 
even  the  finest  lines.  Drawings  made  on 
Imperial  over  fifty  years  ago  are  still  as 
good  as  ever,  neither  brittle  nor  opaque. 

If  you  like  a  duller  surface,  for  dear,  hard 
pencil  lines,  try  Imperial  Pencil  Tradng  Cloth. 
It  it  good  for  ink  as  welL 


IMPERIAL 


JOHN  HASSALL,  INC. 

Manufacturers  of  Cold-Headed  Specialties— Established  1830 


drO  <=={> 


Hassall 


SOLD  BY  LEADING  STATIONERY  AND  DRAW. 
INO  MATERIAL  DEALERS  EVERYWHERE 


(A 


Airways 


BRANIFF  EQUIPS  GROUND  STATIONS 
WITH  WILCOX  TYPE  364A  TRANSMITTER 


DESIGN  SIMPLIFIES  SERVICE 

Conventional  circuit  design,  fewer  numbers  and  types  of  tubes, 
plus  open  mechanical  construction  simplify  tube  stocking  prob* 
lems  and  speed  maintenance.  The  entire  transmitter  portion  of 
the  Type  364A  is  built  on  a  drawer-type  chassis,  instantly  with¬ 
drawable  from  the  front  of  the  panel. 

RELAY  RACK  MOUNTING  SAVES  SPACE 

Compact  design  requires  only  1 5  inches  of  rack  space  for  installa¬ 
tion,  frequently  utilizing  space  already  available. 

.005%  FREQUENCY  STABILITY  WITHOUT 
TEMPERATURE  CONTROL 

Through  the  use  of  a  newly  developed  crystal,  troublesome  ther¬ 
mostatic  temperature  controls  and  crystal  ovens  are  no  longer 
necessary  to  provide  adequate  frequency  stability. 

SIMPLIFIED  CONTROL  FOR  REMOTE  LOCATION 

Modulation  over  a  single  telephone  pair  and  carrier  control  by 
means  of  a  simplex  circuit  allow  the  transmitter  to  be  readily 
located  at  a  remote  point. 


CTRONICS 


TUBES  AT  WORK 


(continued) 


FIG.  2 — ^P»sign  cunre  for  finding  weight  of 
a  single  reactor  unit  from  the  reactor  time 
constant.  L/R 


a  unit  somewhere  in  the  desired 
range  of  size  and  weight. 

A  second  relation  gives  the 
weight  in  terms  of  the  time  con¬ 
stant,  L/R,  of  the  reactor.  Here, 
R  is  the  simple  ohmic  resistance  of 
the  winding — L,  R  equals  KW^S. 
The  form  of  this  equation  makes 
graphical  representation  very  sim¬ 
ple.  Measurements  of  the  time  con¬ 
stant  and  the  weight  on  a  single 
unit  are  used  as  the  co-ordinates  of 
a  point  on  log-log  paper.  A 
straight  line  drawn  through  this 
point  with  a  slope  equal  to  §  com¬ 
pletes  the  graph.  A  typical  curve 
is  shown  in  Fig.  2. 

The  curves  must  be  used  with 
caution  since  generally  they  are 
valid  only  when  conditions  of  simi¬ 
larity  to  the  prototype  are.  main¬ 
tained.  Varying  insulation  require¬ 
ments,  cooling  considerations  and 
other  considerations  introduce 
error.  Nevertheless,  the  curves  are 
useful  for  estimating  purposes  and 
for  reducing  the  number  of  steps  in 
the  preliminaries  to  actual  design. 

Filter  reactors  for  use  with  poly¬ 
phase  rectifier  systems  operate  at 
considerably  lower  excitation  levels 
than  corresponding  single-phase 
systems  for  the  same  output  volt¬ 
age.  Since  permeability  is  an  in¬ 
creasing  function  of  the  excitation 
up  to  some  maximum  characteristic 
of  the  material  used,  the  polyphase 
filter  reactor  will  in  general  be 
different  from  the  single-phase 
unit.  The  difference  will  not  be  so 
large,  however,  that  the  charts  will 
not  be  of  some  use  for  both. 

An  illustration  of  the  use  of  the 
curves  will  be  given  here.  Assume 
we  wish  to  design  a  reactor  of  5 
henrys  at  1  amp  d-c.  The  insula- 


Air  Express  can  bring  you  supplies  and  equipment  firom 
any  tJ.S.  point— overnight.  And  that’s  better  than  old- 
style  magic!  Air  Express  is  the  fastest  way  you  can  find 
to  ship  or  receive.  No  delays,  because  shipments  go  on 
every  flight  of  the  Scheduled  Airlines. 

What’s  more  you  get  special  door-to-door  service  at  no 
extra  co^.  With  low  Air  Express  rates,  you  can  iise  this 
fastest  service  as  a  regular  procedure.  Let  Air  Express 
keep  your  business  running  fast — and  smoothly. 


Spedfij  Alt  Bcpfess-Wbrids  lastiBst  Shipping  ^woe 


•  Low  rates — special  pick-up  and  delivery  in  principal  U.S.  towns  and 
cities  at  no  extra  cost. 

•  Moves  on  all  flights  of  all  Scheduled  Airlines. 

•  Air-rail  between  22,000  off-airline  offices. 

True  cess  hitlery:  Rubber  equipment  users  regularly  get  replacement 
parts  by  Air  Express  so  machines  won’t  stand  idle.  Recent  shipment: 
102-lb.  carton  picked  up  5  p.m.  the  18th  in  Noblesville,  Ind.  Air-rail 
to  Dallas,  delivered  9  a.m.  following  day.  799  miles,  total  cost  only 
$26.78.  Any  distance  inexpensive,  too.  Phone  local  Air  Express 
Division,  Railway  Express  Agency,  for  fast  shipping  action. 


Rat«t  includ*  pick-up  and  dalivary  door 
to  door  in  oil  principal  lowni  and  citiat 


AIR  EXPRESS,  A  SERVICE  OF  RAILWAY  EXPRESS  AGENCY  AND  THE 

SCHEDULED  AIRLINES  OF  THE  U.S. 
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or  complete  silence— with  controlled,  constant  d-c  voltage 


Tell  G.E.  your  problem  of  d-c  supply 

When  you  strike  an  unusual  rectification 
problem  —  or  even  when  the  routine 
problem  of  deciding  which  type  of  recti¬ 
fier  is  best  for  your  purpose  —  call  on 
General  Electric  for  an  answer.  Because 
General  Electric  makes  all  three  —  sele¬ 
nium,  copper  oxide,  and  Tungar*  —  Gen¬ 
eral  Electric  engineers  can  give  you  an 
impartial  solution.  Because  G-E  engi¬ 
neers  know  rectifiers  —  from  the  postage- 
stamp  size  to  ten-ton  monsters  —  they 
can  give  you  the  kind  of  practical  solu¬ 
tion  you  want.  For  information,  write  to 
A8-1231,  General  Electric  Company, 
Bridgeport  2,  Connecticut. 


Trained  hands  expect  a  pipe  organ  to  re¬ 
spond  immediately  to  any  demand  — 
from  complete  silence  to  a  powerful 
crescendo.  To  meet  these  demands,  hun¬ 
dreds  of  magnets  and  solenoids  must 
have  controlled  d-c  voltage  on  tap  at  all 
times. 

In  a  growing  number  of  installations. 
General  Electric  selenium  rectifiers  — 
specially  designed  and  built  for  pipe 
organs  —  are  supplying  the  smooth,  con¬ 
stant  voltage  this  application  calls  for. 
Over  the  full  load  range,  these  rectifier 
imits  give  instant  response  —  operate 
silently  —  at  low  cost. 

♦Trade-mark  Reg.  U.  S.  Pat.  Off. 


GENERAL 
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TUBES  AT  WORK  (continued) 

tion  level,  excitation  and  thermal 
characteristics  will  be  neglected 
to  illustrate  the  technique. 

From  Fig.  1,  the  weight  will  be 
47  pound^.  From  Fig.  2  the  time 
constant  will  be  0.46.  Hence,  the 
nominal  resistance  will  be  5/0.46 
or  approximately  11  ohms.  On  the 
basis  of  the  information  now  avail¬ 
able  the  required  lamination  size  is 
readily  determined. 

A  square  center  leg  cross-section 
will  give  minimum  length  of  turn 
for  the  winding  for  a  given  cross- 
section*  area  so  that  using  minimum 
copper  weight  as  a  criterion  the 
lamination  size  may  be  picked  out 
from  a  table  of  lamination  sizes  and 
weights  per  square  stack.  Since 
the  resistance  is  known,  the  number 
of  turns  in  the  winding  may  be 
readily  determined  in  terms  of  the 
mean  length  of  turn  for  the  core 
size  chosen.  The  design  may  then 
be  refined  by  consideration  of  the 
factors  which  have  been  omitted 
up  to  this  point.  In  most  instances 
only  relatively  slight  change.s  will 
be  required. 


Remote  Control  for 
Radio  Tuning 

By  S.  Wau) 

Aviation  Equipment  Engineering 
Engineering  Products  Department 
Radio  Corporation  of  America 
Camden,  New  Jersey 

A  noticeable  trend  in  architecture 
and  planning  for  modem  homes  is 
the  increased  use  of  built-in  broad¬ 
cast  receivers.  Their  popularity 
has  encouraged  the  author  to  in¬ 
vestigate  the  possibilities  of  remote 
tuning  devices  and  their  applica¬ 
tion  to  standard  broadcast  receiv¬ 
ers.  The  unit  discussed  in  subse¬ 
quent  text  and  illustrated  in  the 
accompanying  diagrams  has  been 
found  to  be  highly  effective,  pro; 
viding  for  both  push-button  and 
continuous  remote  tuning. 

The  schematic  of  the  system  is 
shown  in  Fig.  1.  Alternating  plate 
and  grid  voltages  are  applied  to  two 
miniature  thyratrons  in  a  push- 
pull  circuit.  The  voltage  between 
grid  and  cathode  of  each  tube  lags 
the  corresponding  plate  voltage  by 
approximately  115  degrees.  Thus, 
each  tube  fires  during  a  little  less 
than  one-half  of  the  positive  plate 
voltage  excursion. 

The  induction  motor  working 


The  time  to  select  relays  is  at  the  start  of  circuit  design. 
Frequently,  manufacturers  save  time  and  money-develop  a 
better  product,  by  consulting  Leach  during  the  first  stages  of 
their  designing.  Here’s  how- 

Leach  manufactures  thousands  of  types  of  relays,  for  thousands 
of  applications.  Many  are  production  items  which  piay  offer 
you  savings  in  delivery  time  and  unit  cost.  Through  a  slight 
change  in  circuit  design  you  may  gain  the  advantages  of  a 
standard  type,  at  considerable  savings  and  do  a  better  job. 

For  your  specific  requirements,  consult  the  competent  staff  of 
Leach  electrical  engineers.  Custom  designs  are  their  stock  in 
trade.  Remember,  for  Better  Controls  through  Better  Relays, 
look  to  Leach.  Write  today. 
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Better  Tubes— Longer  Life— Increased  Production  through 

DPI  HIGH-VACUUM  ENGINEERING 


number 


I  of  the 
he  core 


Your  present  rotary  exhaust 
machines  can  be  completely 
automatic  in  operation,  yielding  in¬ 
creased  production  for  any  size  tube. 

Converted  to  DPI  vacuum  equip¬ 
ment,  your  machines  will  have  a 
fractionatingoW  diffusion  pump  and  a 
small  mechanical  pump  under  each  sep¬ 
arate  port.  Tubes  are  rough  pumped 
through  automatic  solenoid  valves. 

Protective  devices  with  automatic 
controls  will  seal  off  the  pumps  and 
isolate  the  trouble  in  case  of  faulty 
tubes.  Seal-off  pressure  will  reach  5  x 
10-^  mm  of  mercury  before  getter  is 
flashed. 

DPI-engineered  rotary  exhaust 
machines  produce  cleaner  tubes  faster, 
by  continuous  pumping  throughout 
the  cycle — eliminate  large  backing 
pumps  and  rotary  slide  valve. 

For  full  information,  write — 


omitted 
[Stances 
res  will 


itecture 
omes  is 
i  broad - 


remote 


receiv- 
1  subse- 


between 
jbe  lags 
Itage  by 


Distilu%tion  Products,  Inc 


135  So.  La  Soil*  SI. 
Chicago  3,  Illinois 


570  Loxington  Avo. 
Now  York  22,  N.  Y. 


working 


JraBU/acluro/a  of  Moloculai  Stilla  and  High -Vacuum  Equipmunt;  Dittillnrt  of  Oil-Solubt*  Vitamina  and  Other  Concentratea  for  Science  and  Induairy 
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HOLTZER- CABOT 
RWC-2505  MOTOR 


I  GEAR 
V«EDUCTlON 


TI-GO  rpm 

I 
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FIG.  1 — Schwmotic  diagram  for  romoto  tun¬ 
ing  dsTico  using  miniature  thyratrone.  Re- 
■iator  Hi  is  adjusted  lor  no  motor  rotation 
with  points  A  and  B  shorted 


winding  being  connected  in  the  mid¬ 
tap  of  the  transformer  secondary 
receives  two  65-degree  duration 
pulses  for  each  cycle  of  a-c  power. 
This  is  equivalent  to  a  direct-cur¬ 
rent  with  a  superimposed  120-cycle 
voltage.  Since  the  other  motor 
winding  is  excited  from  the  line  at 
60  cycles,  no  rotation  results. 

If  we  now  consider  an  unbalanced 
condition  of  the  input  bridge  con¬ 
sisting  of  the  two  50,000-ohm 
potentiometers,  an  error  voltage  in 
phase  with  the  plate  voltage  will  be 
impressed  equally  and  in  phase  on 
both  grids.  The  resulting  grid  volt¬ 
age  will  cause  one  tube  to  increase 
its  angle  of  plate  current  flow  while 
the  other  will  decrease. 

The  current  passing  through  the 
motor  winding  now  has  a  strong  60- 
cycle  component  and,  depending  on 
the  phase  relation  of  this  com¬ 
ponent  with  respect  to  the  fixed  line 
excitation,  the  rotor  will  turn  in  one 
direction  or  the  other.  If  the 
potentiometer  bridge  connected  to 
the  input  is  sufficiently  unbalanced, 
it  is  possible  for  one  tube  to  be  com¬ 
pletely  cut  off  while  the  other  is  con¬ 
ducting  over  180  degress. 

The  function  of  the  2-iAf  capaci¬ 
tor  connected  in  parallel  with  one 
of  the  motor  windings  is  to  improve 
the  60-cycle  power  factor  of  the 
motor  so  that  the  output  torque  for 
moderate  error  voltages  is  in¬ 
creased  while  the  volt-ampere  load 
on  the  transformer  is  reduced.  The 
2-txf  capacitor  connected  in  series 
with  the  a-c  line  and  the  exciting 
winding  produces  90-degree  phase- 
shift  for  induction  motor  action. 

While  the  d-c  in  one  of  the  motor 


Kinney  High  Vacuum  Pumps  are  performing  modern-day  miracles  in 
industrial  production.  Already  they  have  greatly  improved  countless 
products  and  have  made  possible  many  spectacular  new  developments. 
Further  miracles  continue  to  unfold  almost  daily.  Kinney  Pumps  are  play¬ 
ing  a  vital  part  in  producing  pharmaceuticals,  dehydrating  foods,  coating 
lenses,  sirttering  metals,  exhausting  lamps  and  tubes,  and  performing 
many  other  low  pressure  operations.  The  high  pumping  speed,  long  life, 
and  dependability  of  Kinney  High  Vacuum  Pumps  have  indeed  put  vacuum 
processing  on  a  full  production  basis.  Investigate  the  new  possibilities— 
and  increased  profits,  too— in  low 
pressure  processing  with  Kinney  High 
Vacuum  Pumps. 

KINNEY  SINGIE  STAGE  PUMP.  8  sizet  with 
displac«m«ntt  from  13  to  702  cu.ft.  per  min. 
for  low  absolute  preuures  to  10  microns  or 
better.  Also  Compound  Pumps  in  2  sizes 
(15  and  46  cu.ft.  per  min.  displacements)  for 
low  absolute  pressures  to  and  below  0.5 
micron.  _ 


KINNEY  MANUFACTURING  COMPANY 

3565  WASHINGTON  ST.,  BOSTON  30,  MASS. 

NEW  YORK  •  CHICAGO  •  PHILADELPHIA  •  LOS  ANGELES  •  SAN  FRANCISCO 
FOREIGN  REPRESENTATIVES 

General  Engineering  Co.  (Rodcliffe)  Ltd.,  Station  Works,  Bury  Road,  Radcliffe,  Lancashire,  England 
Horrocks,  Roxburgh  Pty.,  ltd.,  Melbourne,  C.  I.  Australia 
W.  S.  Thomas  &  Taylor  Pty.,  Ltd.,  Johannesburg,  Union  of  South  Africa 
Novelectric,  Ltd.,  Zurich,  Switzerland 


WE  ALSO  MANUFACTURE  LIQUID  PUMPS,  CLUTCHES  AND  BITIIMINOIIS  DISTRIBUTORS^ 
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research  ond  engineering  orgonization,  of  which  the  federal 
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In  Conodo:  Federol  Electric  Manufacturing  Company,  Ltd.,  Montreal,  F.  Q. 
Export  Distributors;  Internotionol  Stondord  Electric  Corp.  67  brood  St.,  N.  Y. 
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i  Short  Turret  Terminal  Coil 
Boord 


CXC.  Custom-Engineers 
The  Solution  To 


TUBES  AT  WORK 


(contimitd) 


BROADCAST  RECEIVER 


TUNING  SHAFT, 


DRIVE 

MOTOR 


FOLLOW 
UP  POT 


Feeding  an  R.  F.  potential  through  the  wall  of 
a  cavity  oscillator  presented  many 
difficulties.  Not  only  was  space  at  a  premium, 
but  extreme  changes 
in  humidity,  temper- 

3|||H  ature  and  other  service 

■|  conditions  had  to 

be  met; 

I  THE  ANSWER 

H  C.T.C.  1795B  Insulated 
Feed-Thru  Terminals 
fulfilled  every  require- 
|H  ment.  Design-Features 
m  like  these  show  you  why : 

Rugged  construction  that 
Wm  withstands  loosening 

under  vibration  or  shock 
.  .  .  approve  phenolic 
|H  insidating  material,  JAN 
H  type  LTS-E~i  . . .  brass 
WM  bushings,  cadmium 

plated  .  .  .  brass  thrur 
terminals,  silver  plated  for 
easy  soldering. 

SPECIFICATIONS 

The  1795B  mounts  in  a  hole,  and  has  an 
over-all  length  of  approximately  C.T.C. 
Feed-Thru  Terminals  are  available  in  addi¬ 
tional  sizes.  The  1795A  is  similar  to  the 
1795B,  but  with  an  over-all  length  of  1*'.  Also 
similRT  in  design  and  function  are  X1771A 
and  X1771B,  but  larger  in  size  and  mounting 
in  a  hole.  Breakdown  voltages,  at  60 
cycles  R.M.S.,  are: 

1795A  . . .  3800V  X1771A  . . .  8200V 

1795B  . . .  3200V  X1771B  . . .  6000V 

Catalog  No.  200  contidns  details  of  C.T.C. 
standard  electric  and  electronic  components, 
together  with  full  information  on  our  ciistom- 
engineering  service.  Write  for  it  today. 


THYRATRON 

CHASSIS 


CONTROL 

CABLE 


,  CONTINUOUS 
I  TUNING  POT 


CONTROL 

BOX 


FIG.  2 — The  continuous  tuning  potentiMn- 
eter  is  calibrated  in  frequency.  The 
switching  may  be  accomplished  by  a 
multi-position  rotary  switch  or  a  bonk  of 
push-buttons 


windings  causes  increased  heating, 
it  is  nevertheless  beneficial.  The 
superposition  of  a  continuous  cur¬ 
rent  converts  the  shape  of  the  in¬ 
duction  motor  speed-torque  curves 
so  that  the  rotor  speed  is  easily  con¬ 
trollable  by  the  stator  voltage,  and 
it  provides  a  damping  or  anti-'hunt 
torque  proportional  to  the  angular 
velocity  of  the  rotor,  thus  prevent¬ 
ing  overshooting  and  the  resulting 
continuous  mechanical  oscillation 
known  as  hunting. 

The  fixed  a-c  grid  bias  is  made  as 
low  as  possible  without  causing  the 
grid  to  lose  control,  and  the  phase 
angle  is  made  to  approach  90  de¬ 
grees.  A  single  R-C  network  is 
used  to  supply  this  grid  bias  at  a 
phase  angle  close  to  optimum  value 
from  the  heater  winding  on  the 
transformer. 

Using  a  radio  receiver  with  the 
servo-device  incorporating  a  16- 
watt  Holtzer-Cabot  gear  head  in¬ 
duction  motor  to  drive  the  4-gang 
tuning  capacitor,  the  unit  was  cap¬ 
able  of  resetting  to  within  1,000 
cycles  at  1,000  kc. 

The  physical  and  electrical  re¬ 
quirements  for  potentiometers  suit¬ 
able  for  use  in  the  control  and  fol¬ 
low-up  circuits  are  not  severe.  The 
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The  steep  negative  curve  of  Globar  Type 
F  Resistors  points  up  their  sensitivity 
over  a  range  from  -50°  C.  to  100°  C. 
Actually  this  range  can  be  extended  be¬ 
yond  150°  C.  This  pronounced  and  im¬ 
portant  characteristic  of  Globar  Type  F 
Resistors  makes  them  particularly  useful 
for  stabilizing  circuits  possessing  a  posi¬ 
tive  temperature  coefficient  of  resistance. 

Funrtioning  elearically,  Globar  Resis¬ 
tors  have  no  mechanical  parts  to  get  out 
of  adjustment.  They  retain  their  inherent 
charaaeristics  over  long  periods  of  time. 
They  may  be  used  on  A.C.  or  D.C.  cir¬ 
cuits.  Typical  applications  are: 

RADIO  CIRCUITS -Type  F  Resistors 
eliminate  the  high  initial  inrush  of  cur¬ 
rent,  preventing  pilot  light  burnouts 
and  insuring  long  tube  life  performance 
charaaeristics. 

RESISTANCE  THERMOMETER -Type 
F  Resistors  are  ideal  for  Remote  Control 
and  Indication  of  Temperatures. 

MOTOR  GENERATORS-Globar  Type 
F  Resistors  serve  as  voltage  regulators 
by  compensating  for  the  positive  tem¬ 
perature — resistance  of  copper  field  coils. 

ELECTRIC  METERS-Globar  Type  F 
Resistors  provide  automatic  temperature 
corrections.  To  do  the  job  most  effi¬ 
ciently  for  which  they  are  intended, 
Globar  Resistors  are  designed  to  meet 
the  specific  needs  of  each  application. 
This  means  that  complete  information 
on  your  circuit  must  be  supplied.  Globar 
Resistors  can  be  made  to  specifications  in 
a  hurry.  Samples  sent  on  request.  Dept. 
V-128,  The  Carborundum  Company, 
Globar  Division,  Niagara  Falls,  N.  Y. 


0L08AR  TYPE  *F^  nCSISTOMS 
Rest  STANCE -TEMPeRATUPE  CHARACTERISTIC 


TEMPERATURE  •c 


TRADE  MARK 


'Carborundum"  and  "Globar"  are  registered  trademarks  which  indicate  manufacture  by  The  Carborundum  Company 


ELECTRONICS  — December,  1948 


153 


SPECIFICATIONS 

BALLANTINE  MODEL  300 
ELECTRONIC  VOLTMETER 


RANOE;  .001  to  100  VolH,  r.m.c. 
(.00001  to  10,000  VoHs,  with  ac- 
CMSori**) 


ACCURACYi  ^2%  at  any  point  on 
the  seal#. 


TUBES  AT  WORK 


(continued) 


FREQUENCY:  10  cycUc  to  150,000 
cycle*. 

STABILITY:  Formanont  calibration— 
unaffoctod  by  variation  in  lino  voH- 
ago,  tub**,  olc. 

METER:  Logarithmic  Vehag*  *cal*  and 
uniform  docibol  *cal*. 

AC  OFERATION:  Will  oporat*  on  105- 
125  VoH*,  50-60  cycles.  (Battery 
operated  model*  al*o  avai  able) 


MODEL  300 
ELECTRONIC 
VOLTMETER 


MOOa  220  DECADE  AMFUflER 


MOOa  402  MiATiPUER 


O  Q- 
since  1935 

the  only  VOLTMETER 
featuring  a  simplified 

LOG^ITHMIC 
SCALE 


The  Model  300  Voltmeter  is  a 
valuable  tool  for  measurements 
in  communication  and  “weak 
current”  engineering.  Its  un¬ 
usual  sensitivity,  accuracy  and 
stability  make  it  ideal  for  work 
in  the  audio,  carrier,  and  super¬ 
sonic  ranges.  Ixtgarithmic  meter 
indication  assures  uniform  ac¬ 
curacy  of  reading  over  the  whole 
scale  while  permitting  range 
switching  in  decade  steps.  There 
is  but  one  scale  to  read  for  all 
ranges.  Output  jack  and  output 
control  are  provided  so  that  the 
voltmeter  can  be  used  as  a  high- 
gain  stable  amplifier. 

Accessories  include  Model  220 
Decade  Amplifier,  which  supplies 
standardized  gains  of  10\  and 
lOOx,  and  the  Model  402  Multi¬ 
pliers  which  supply  additional 
range.-  of  1,000  and  10,000  Volts. 

L  rijitire  Bulletin  No.  12  Available 
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unit  used  for  the  continuous  tuning 
function  should  be  a  wire- wound, 
high  resolution  potentiometer  hav¬ 
ing  at  least  5  to  7  turns  of  wire  per 
degree  of  rotation.  Preset  poten¬ 
tiometers  are  employed  for  rapid 
channel  selection.  In  the  circuit 
shown,  one  potentiometer  per  sta¬ 
tion  is  required. 

The  components  contained  in  the 
control  box  consist  of  a  number  of 
preset  potentiometers,  a  rotary 
switch  or  bank  of  push-buttons  and 
a  continuous  tuning  potentiometer 
which  is  calibrated  in  frequency. 
The  circuit  is  shown  in  Fig.  2.  In 
operation,  one  adjusts  each  potenti¬ 
ometer  for  each  station.  There¬ 
after,  whenever  the  switch  connects 
a  particular  potentiometer  in  the 
circuit,  the  gang  capacitor  in  the 
radio  receiver  cha.ssis  is  rotated  to 
its  correct  position  for  station  se¬ 
lection. 

Protection  For  TV  Antennas 

NBC  ENGINEERS  have  enclosed  in 
Plexiglas  housings  the  microwave 
antennas  mounted  high  on  the  Em¬ 
pire  State  and  RCA  Buildings  in 
New  York.  These  plexiglas  igloos 
house  five-foot  parabolas  which 
pick  up  television  signals  from 
baseball  parks  and  arenas,  or  from 
mobile  units  elsewhere  in  the 
metropolitan  area.  Video  cables 
then  carry  the  signals  to  transmit¬ 
ters  of  television  stations. 

Primary  purpose  of  the  new 
housings  is  to  shield  the  parabolic 
antennas  from  high  winds  and  the 
destructive  cascades  of  ice  which 
plunge  down  in  winter  from  the 
300-foot  tower  above. 

For  strength,  the  dome-shaped 


Over  ATV  Lead-In  Lines 


Lead-in  lines  play  an  important  part  in  televi¬ 
sion  and  FM  reception.  To  be  sure  of  the  best  per¬ 
formance  of  your  set,  specify  ATV*  lines  for  your 


1 


i  J 


I  <  ^  ' 

i  V'  ■■ 

I 


set. 

The  effects  of  attenuation  and  impedance  mis¬ 
match  on  FM  and  Television  reception  are  mini¬ 
mized  by  Anaconda  Type  ATV  lead-in  lines. 

The  satin-smooth  polyethylene  insulation  of 
Type  ATV  line  sheds  water  readily,  thus  avoiding 
subsequent  impedance  discontinuities. This  mate¬ 
rial  also  has  exceptionally  high  resistance  to  cor¬ 
rosion.  Count  on  Anaconda  to  solve  your  high- 

I  frequency  transmission  problems— w  ith  anything 

from  a  new-type  lead-in  line  to  the  latest  develop- 

opment  in  coaxial  cables.  4M447 


A  Type  ATV  Lead-In  for  Every 

Anaconda  offers  a  complete  se¬ 
lection  of  Type  ATV  lead-in 
lines  for  75,  125,  150  and  300 
ohms  impedance  unshielded 
and  shielded  lines  of  high  im¬ 
pedance.  For  an  electrical  and 
physical  characteristics  bul¬ 
letin,  write  to  Anaconda 
Wire  and  Cable  Company, 

125  Broadway,  New  York  4, 

N.Y. 


•  Reg.  U.  S.  l**t.  Off. 


\ 

A 


25  Broadway,  New  York  4,  N.  Y. 
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A  COMPLETE  LINE  OF  ASTATIC 
LONG-PLAYING  PICKUPS  and  CARTRIDGES 
that  includes  lUST  WHAT  YOU’RE  LOOKING  FOR! 


TUBES  AT  WORK  (centiiiMd) 

tops  are  reinforced  with  an  extra 
thickness  of  the  acrylic  at  their 
crowns,  where  the  ice  might  strike 
a  direct  blow.  Except  for  this 
limited  area,  the  curved  shape  of 
the  structures  guarantees  that  they 
will  receive  at  worst  a  glancing 
blow. 

First  of  their  kind  to  be  tested 
in  actual  use,  these  housings  are 
made  of  shatter-resistant  Plexiglas 
i-inch  thick.  Plexiglas  was  chosen 
because  it  passed  microwaves  with¬ 
out  perceptible  distortion;  it  was 
easily  formed  to  exact  curvature 
and  dimensions;  although  light  in 
weight,  it  combined  great  shatter- 
resistance  with  inherent  resiliency ; 
it  was  virtually  impervious  to  ex¬ 
tremes  of  weather  and  continued 
exposure  to  sunlight;  and  finally, 
its  transparency  allowed  quick  in¬ 
spection  of  the  apparatus  within, 
and  simplified  visual  aiming  of  the 
antennas.  Components  are  rubber- 
gasketed  and  assembled  with  stain¬ 
less  steel  bolts. 

A  door  in  each  structure  gives 
access  to  the  microwave  equipment, 
which  may  be  rotated  and  swiveled 
to  permit  accurate  aiming  at  the 
point  of  program  origin.  To  pre¬ 
vent  development  of  excessive  heat 
in  the  summer,  or  freezing  con¬ 
densation  in  cold  weather,  each 
housing  has  its  own  “air-condition¬ 
ing”  treatment.  Forced  air,  which 
may  be  heated  electrically  in 
winter,  enters  through  a  floor  reg¬ 
ister  and  is  exhausted  through 
hinged  louvers  in  the  side  of  the 
platform  on  which  each  antenna  is 
mounted. 


•  Want  a  two-in-one  pickup  that  plays  both  LP  and  78  RPM 
Records  with  the  simple  switching  of  cartridges  ...  so  simple 
that  a  child  can  make  the  change  in  a  few  seconds?  Or,  per¬ 
haps  you  are  looking  ioi^  comparable  reproduction  quality, 
with  more  emphasis  on  economy?  Regardless  of  whether  your 
requirements  point  to  cartridges  employing  ceramic  elements 
or  magnetic-type  units  .  .  .  whether  you  prefer  permanent  or 
replaceable  needles,  metal,  sapphire  or  diamond  .  .  .  whether 
cost  is  first  or  secondary  .  .  .  whatever  the  conditions  to  be  met 
— ^there  now  is  a  unit  of  Astatic  precision  engineering  and 
construction  that  will  exactly  fill  the  bill.  Space  permits  mention 
here  of  only  a  few.  Why 
not  write  for  new  brochure, 
giving  complete  informo- 
tion,  illustrations,  on  the 
Astatic  Long-Playing 
Equipment  Line? 


FL-33  CRYSTAL  PICKUP— Incom¬ 
parable  reproduction,  utility  ond 
convenience.  Employs  LP-33  Crys¬ 
tal  Cartridge  tor  LP  Records  and 
IP-78  Crystal  Cartridge  tor  78  RPM 
Records.  Change  cartridges  in  a 
second,  like  slipping  modern  foun¬ 
tain  p>en  from  its  cap,  nothing  else 
to  do.  Special  anti-resonance  base 
mounting. 

FLT-33  CRYSTAL  TRANSCRIPTION 

PICKUP — Like  the  FL-33  Arm.  plays 
either  LP  or  78  RPM  Transcriptions 
with  the  LP-33  and  LP-78  Cartridges. 
Anti-resonance  base  and  arm-rest 
are  adjustable  to  desired  height. 
Five-gram  needle  pressure  and  per¬ 
fect  tracking  assured  by  revolution¬ 
ary  hinged  division  of  arm.  Two- 
toned  black  and  satin  chrome  finish. 

FLT-TR  CRYSTAL  TRANSCRIPTION 

ARM  — The  same  fine  instrument  as 
the  FLT-33,  except  for  2.4  mill  tip- 
radius  needle  necessary  tor  lateral 
broadcast  transcriptions.  Employs 
the  LP-TR  Cartridge,  instantly  re¬ 
placeable  with  LP-33  or  LP-78  Car¬ 
tridges.* 

S10-QT-33  CRYSTAL  PICKUP  — 

Short  mounting  centers,  gracefully 
curved  lines  and  moderately  offset 
head  make  this  the  ideal  pickup  for 
a  host  of  applications.  Famous 
"QT"  Series  Cartridge  with  replace¬ 
able,  one  mill  tip-radius,  precious 
metal  or  sapphire  needle. 

5I0-MI-2M-33  MAGNETO-INDUC¬ 
TION  PICKUP— Same  as  510^T-33. 
except  tor  revolutionary  Magneto- 
Induction  Cartridge.  Consistent  serv¬ 
ice  and  adverse  climatic  conditioirs 
are  no  threat  to  the  stability  and 
Iroublefree  operation  of  this  mag¬ 
netic  type  unit. 

400-QT-33  CRYSTAL  TRANSCRIP¬ 
TION  PICKUP  — Graceful,  slender- 
lined  beauty  of  professional  pick¬ 
ups.  Employs  QT  Cartridge  with 
replaceable  precious  metal  or  sap¬ 
phire  needle.  Flawless  reproduction 
at  lower  cost. 

400-MI-2M-33  MAGNETO-INDUC¬ 
TION  TRANSCRIPTION  PICKUP— 

Identical  to  400^T-33,  except  tor 
Magneto-Induction  Cartridge. 


Servo  Physical  Tester 

Based  on  principles  used  in  war¬ 
time  gun  computers  and  rate  set¬ 
ters,  a  servo-mechanical  physical 
tester  for  plastics  has  been  devel¬ 
oped  at  MIT.  It  has  a  steel  arm 
which  pulls  plastic  test  specimens 
with  a  force  equal  to  that  of  an  ele¬ 
vator  car.  This  tremendous  force 
is  controlled  automatically  by 
mechanisms  of  featherweight  sensi¬ 
tivity. 

.  The  tester,  a  product  of  the  Soci¬ 
ety  of  The  Plastics  Industry’s  re¬ 
search  program,  was  designed  pri¬ 
marily  for  the  observation  of 
mechanical  properties  of  plastics 


400-QT-33  CavSTM 
transcription 

Lht»d  in  thm  Madia  Industry  Mad  Book 


Astatic  Crystal  Davicas  Manufacturad 
Undar  Brush  Davalopmaat  Co.  Patants 
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UNITED  INSULATOR  CO.  LTD 


TOLWORTH  ■  SURBITON  ’  SURREY  *  EN6LAND 


CABLES:  CAUNEL  ■  SURBITON  ’  SURREY 
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FREE  BROCHURE  ON 
CANNON  PLUGS  FOR 
ELECTRIC  CIRCUITS 
OF  INDUSTRY” 


A  USEFUL  76-page  brochure,  sur¬ 
veying  the  present  use  and  future 
uses  of  multi-contact  electric  con¬ 
nectors.  Beautifully  printed  in  3 
colors  and  lavishly  illustrated,  this 
brochure  offers  suggestions  as  to 
specific  applications.  Not  a  “blurb” 
book — an  educational,  technical 
treatise  of  interest  to  everyone  in 
the  radio  and  electronic  industry. 

SPECIAL  XL  DISTRIBUTORSHIPS  OPEN 

Contact  a  Cannon  Electric  Representa¬ 
tive  located  In  principal  cities  of  the 
USA  or  write  factory  for  details  on  this 
type  of  distributorship. 

The  latest  Bulletin  on  the  XL  Series, 
XL-347,  Is  yours  for  the  asking.  Address 
Dept.  Ij-ISO. 


TQ-1 -12  Coaxial  Plug 
$2.00  List 


KNOW  CANNON  ELECTRIC 
SALES  PERSONNEL 


PAUL  BROWN 
Factory  Sales  Representative 
Associated  with  Cannon  Electric  for 
more  than  6  years.  Mr,  Brown  works 
closely  with  the  order  procedure  of  the 
310  Cannon  Electric  jobbers  and  other 
customers  and  Irons  out  many  a  con¬ 
nector  identiflcatlon  tangle,  besides  han¬ 
dling  personal  calls  for  plugs  at  the 
factory. 


SINCE  1915 


3209  HUMBOLDT  ST.,  LOS  ANGELES  31,  CALIF. 

WORLD  EXPORT  (axcepting  British  Empira): 
•  FRAZAR  &  HANSEN,  301  CLAY  STREET 
SAN  FRANCISCO  11,  CALIFORNIA 


IN  CANADA  A  BRITISH  EMPIRE: 

CANNON  ELECTRIC  COMPANY,  LTD. 
TORONTO  13,  ONTARIO 


TUBES  AT  WORK 


(continued) 


Servo-mechanical  physical  tester  lor  plas¬ 
tic  moteriols 


and  the  molecular  changes  induced 
by.  stress.  Continuous  recorders 
are  a  part  of  the  equipment. 


Airliner  Television 

One  method  of  obtaining  good  tele¬ 
vision  reception  from  stations  up  to 
180  miles  away  is  being  demon¬ 
strated  to  passengers  aboard  a  non¬ 
stop  DC-4  of  Capital  Airlines 
traveling  between  Washington  and 
Chicago. 

A  standard  home  model  Philco. 
receiver  with  a  twelve-inch  tube  is 
mounted  on  a  small  platform  for 
viewing  by  all  passengers.  An 
amplifier  and  three  extra  loud¬ 
speakers  provide  sound  for  the  rear 
seats.  Dipole  antennas  are  mounted 
on  short  masts,  one  under  the  belly 
of  the  plane  and  one  on  top  of  the 
fuselage  behind  the  pilot’s  cabin. 
The  antennas  are  connected  to  a 
small  switch  on  the  side  of  the  re¬ 
ceiver.  The  airline  hostess  chooses 
either  the  belly-mount  or  the  fuse- 
lage-mouht  dipole,  whichever  gives 
best  reception. 

First  run  for  the  Television  Ex¬ 
press  was  on  a  Saturday  in  October, 
on  a  flight  leaving  Washington 
about  noon.  Passengers  watched 
the  entire  fourth  game  of  the 
World  Series  and  part  of  the  Notre 
Dame-Michigan  State  football 
game  as  the  receiver  was  tuned  to 
Cleveland,  Toledo,  Detroit  and  Chi¬ 
cago  stations.  On  the  return  flight, 
passengers  leaving  Chicago  at  6 
p.m.  saw  programs  from  the  same 
stations  and  also  stations  in  Wash¬ 
ington  and  Baltimore.  The  plane 
flew  at  about  10,000  feet,  practically 
line-of-sight  conditions. 
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The  0>E  Electronic  Ropro* 
ducor,'  which  mognoticolly  ro> 
crooto*  tho  full  recorded 
(ound,  derives  Its  magnetic 
field  from  o  G-E  SINTERED 
ALNICO  5  permanent  magnet. 


ALNICO  5  magnets  can  save  valuable  space  in 
your  product.  You  can  usually  improve  your 
product  by  re-designing  to  use  nigh  energy  G-E 
SINTERED  ALNICO  5.  Typical  applications  now 
in  production  which  use  G-E  SINTERED  ALNI¬ 
CO  5  include  the  following:  meters,  relays,  foun¬ 
tain  pens,  electronic  reproducers,  and  compasses. 

ENGINEERING  SERVICE 

G-E  application  and  development  engineers, 
working  closely  together,  are  ready  to  advise  yoo 
on  new  SINTERED  ALNICO  5  and  other  G-E 
magnetic  materials.  Our  engineers  are  backed  by 
years  of  research  and  the  development  of  thou¬ 
sands  of  magnetic  applications.  They  will  be  glad 
to  work  with  you  on  your  product  design.  For 
more  information,  please  mail  the  coupon  shown 
below. 

YOU  GET  5  ADVANTAGES 

1.  Higher  external  energy  than  either  SINTERED 
ALNICO  2  or  4. 

2.  Tensile  properties  are  several  times  greater 
than  CAST  ALNICO. 

3.  Excellent  surface  finish. 

4.  Close  dimensional  tolerances. 

5.  Intricate  shapes  possible. 


Actual  siza  af  G-E  SINTERED 
ALNICO  5  parmanani  mognat 
usod  in  tha  G-E  Elaciranic  Ra- 
praducar  i*  thawn  in  rad. 


NEW  ENGINEERING  DEVELOPMENT 

SINTERED  ALNICO  5,  General  Electric’s  newest 
magnetic  material,  now  enables  you  to  design 
intricate  shapes  with  higher  external  energy  than 
ever  before.  The  minimum  guaranteed  available 
energy  is  3,500,000  gauss  oersteds  for  most  sizes 
and  shapes.  New  G-E  SINTERED  ALNICO  5 
possesses  tensile  properties  several  times  those 
of  CAST  ALNICO  5  and  can  be  produced  eco¬ 
nomically  in  small  size  parts.  You  get  better  sur¬ 
face  finish  plus  closer  dimensional  tolerances 
with  new  G-E  SINTERED  ALNICO  5. 

NEW  DESIGNS  POSSIBLE 

New  SINTERED  ALNICO  5  has  higher  ex¬ 
ternal  energy  than  either  SINTERED  ALNICO  2 
or  4.  This  makes  possible  new  designs  heretofore 
impossible  or  impractical.  It  is  especially  adapt¬ 
able  where  small  powerful  magnets  having  high 
magnetic  properties  are  required.  Because  of  their 
great  stability  and  external  energy,  SINTERED 


METALLURGY  DIVISION  CM-12 
I  CHEMICAL  DEPARTMENl 
I  GENERAL  ELECTRIC  COMPANY 
PITTSFIELD,  MASS. 

I  Please  send  me: 

I  (  )  Technical  Report  on  new  SINTERED  ALNICO  5. 

I  (  )  Bulletin,  CDM-4,  “G-E  Permanent  Magnets.” 

NAME . . . . . TITLE . . 

I  COMPANY . . 

I  PRODUCTS  MFRD. . . . . . 

ADDRESS . . . . . 

CITY...„ _ _ .. _ _ STATE . . 


PERMANENT 

MAGNETS 

GENERAL  ^ 


ELECTRIC 


CI>4li-V2 
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PRECISION  MADE  FOR 
PRECISION  PRODUCTS 

When  you  specify  seamless  tubing — whether  it's 
for  instrument  pointers,  Bourdon  gauges,  metal* 
shielded  wire,  mechanical  pencils,  or  any  one  of 
a  number  of  products — here,  at  Precision, 
accuracy  is  our  watch-word.  Inside  diameter, 
outside  diameter,  wedl  thickness — edl  dimensions 
are  held  to  close  tolerances,  often  exceeding 
those  specified.  In  this  way  the  over-edl  accuracy 
you  want  in  your  finished  products  is  consistently 
carried  out  in  our  part  of  ^eir  manufacture. 

Sizes  of  Precision  Tubing  cover  a  range  of  out¬ 
side  diameters  from  0.500'  to  0.010",  with  wall 
thicknesses  down  to  0.0015".  Available  in  alumi¬ 
num  alloys,  brass,  copper,  nickel,  monel,  or 
other  non-ferrous  alloys— each  length  of  Preci¬ 
sion  Tubing  can  be  preformed  to  the  shape  you 
specify  .  .  .  ready  on  good  delivery. 

When  Precision  Counts-Count  on  Precision 


PRECISION  TUBE  CO. 

foctory  3824-26-28  TfHRACE  S T .  ,  P H I L A  0 E I P H I  A  PA. 


FIG.  1-(A)  CoiiTPntional  seriM  modulator 
and  (B)  aoriM  modulator  with  auxiliary 
tub*  to  auppreu  negotiTe  peaks 

shows  the  basic  circuit.  The  modu¬ 
lator  operates  like  a  class-A  audio 
amplifier  in  that  the  grid  never 
swings  positive.  In  action,  the 
modulator  tube  behaves  as  a  vari¬ 
able  resistance  (with  half  the  sup¬ 
ply  voltage  across  it  when  no  audio 
signal  is  applied)  in  series  with  the 
modulated  r-f  amplifier.  The  varia¬ 
tion  in  resistance  acts  at  audio  fre¬ 
quency,  approaching  zero  resistance 
on  positive  peaks  so  that  the  full 
power  supply  voltage  (twice  the 
rated  voltage  of  the  r-f  amplifier) 
appears  across  the  modulated  stage. 
On  negative  peaks,  cutoff  is  ap¬ 
proached  (or  reached)  so  that  the 
tube  impedance  approaches  (or 
reaches  )  infinite  resistance. 

Modified  Power  Supplies 

In  practice  it  is  found  that,  be¬ 
cause  the  tube  is  not  absolutely 
linear,  it  needs  considerably  more 
than  half  the  power  supply  voltage 
across  it  in  order  to  stay  in  the 
linear  portion  of  its  characteristic 
and  still  achieve  100-percent 
modulation  on  positive  peaks  with¬ 
out  distortion.  As  much  as  20  per¬ 
cent  of  the  power  supply  voltage 
may  still  be  across  the  modulator 
tube  when  100-percent  undistorted 
positive  peaks  are  being  handled  by 
the  modulated  tube.  (This  remain¬ 
ing  voltage  could  be  considerably 
reduced  by  designing  a  tube .  for 
the  purpose.  The  6AS7G  might 
prove  very  good  in  a  low  power 
modulator.) 

By  using  several  tubes  in  parallel. 
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4  PROBLEMS  4  ANSWERS 

f 

You,  as  a  Communications  Engineer,  will  be  interested  in  the  {owxAerocom 
products  illustrated  below.  They  are  designed  and  built  to  solve  your 
communications  problem.  They  are  the  result  of  engineering  knowledge 
and  experience  gained  during  18  years  of  manufacturing  communications 
equipment  for  more  than  200  installations  throughout  the  world. 


WEATHERPROOF  LOW  FREQUENCY  ANTENNA  TUNFR-  Sturdily  constructed; 
using  heavy  aluminum  sheet  and  rustless  hardware.  Ample  ventilation  provided, 
yet  insect  and  vermin  proof.  Suitable  for  1-2  kw  carrier,  200-415  kcs;  coupling 
coil  matches  either  coaxial  or  2  wire  line.  Illustration  shows  cabinet  with  pro- 
tective  and  weatherproof  (no  gaskets)  covers  removed.  Locking  facility  provided. 

I 

I 

I 


Automatic  KEYER  provides  continuous  or  interrupted  identification  signals 
for  beacon  or  aerophare  service.  Small,  compact  (6-5^*  x  9*  x  7")  and  fully  en¬ 
closed,  this  keyer  will  give  long  trouble-free  service.  Two  synchronized  cams, 
which  can  be  milled  to  your  specifications,  provide  several  keyer  combinations. 
Motor  -  105/115  v-50/60  cy. 


Meteorological  instruments  -  Aerocom’s  group  assemblies;  anemometer 
and  wind  direction  indicator  on  mast  for  outside  installation,  and  reading  in¬ 
struments  in  cabinet  or  standard  rack  panel,  give  constant  and  reliable  weather 
information.  Instruments  available:  wind  direction,  wind  speed,  Kollsman  station 
barometer  (altimeter),  24  hour  clock,  or  any  combination  thereof.  Mast  assembly 
may  be  remotely  located  from  instruments.  | 


14.J' 


Line  Match  Indicator:  Made  in  two  models  (a)  LMl-72  for  coaxial  lines  and 
frequencies  from  0.2  to  10  mcs;  (b)  LMI-500  for  balanced  pair  lines  and  frequen¬ 
cies  from  0.2  to  2  mcs.,  or  2  to  20  mcs.  These  instruments  permit  adjustment 

of  load  for  optimum  line  match.  Sturdy  and  rugged,  engineered  for  field  use. 

I 


FOR  OVER  EIGHTEEN  YEARS  CONSULTANTS.  DESIGNERS.  AND  MANUFACTURERS  OF  STAND¬ 
ARD  OR  SPECIAL  ELECTRONIC.  METEOROLOGICAL  AND  COMMUNICATIONS  EQUIPMENT. 


K'-g.  I  I’al  Off. 

Aeronautical  Communications  Equipment. 

0  9  0  Douglas  Road.  Miami.  33.  Florida 


DEALERS:  Equipeletro  Ltdo.,  Cai 
Apartodo  Aereo13  8,  Barronquillo, 


Caixa  Postal  1  92  5,  Riode  Janeiro,  Brasil 'A  Henry  Newman  Jr„ 
uilla,  ColombiaARadelec,  Reconquista4  6,  Buenos  Aires,  Argentina 
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THE  ELECTRON  ART  (continued) 

it  is  possible  to  make  a  slight 
change  in  the  circuit  that,  with 
proper  adjustment,  will  enable  it  to 
accentuate  positive  peaks  and  sup¬ 
press  negative  peaks.  In  the  circuit 
of  Fig.  IB  the  grid  of  the  auxiliary 
tube  is  shown  connected  to  a  tap 
across  the  audio  input.  Although 
there  may  be  sufficient  signal  to  cut 
off  the  primary  tube  on  negative 
peaks,  the  auxiliary  tube  will  still 
be  conductive  and  hence  the  resist¬ 
ance  of  the  modulator  will  not  reach 
infinity  and  100-percent  modulation 
on  the*  negative  peaks  is  not  at¬ 
tained.  If  in  addition  the  static 
voltage  drop  across  the  modulator  is 
increased  from  E  to  2E,  it  will  be 
possible  to  furnish  SE  to  the  modu¬ 
lated  stage  on  positive  peaks,  or  200- 
percent  modulation.  Under  this 
condition  the  tap  for  the  auxiliary 
tube  is  adjusted  so  that  its  grid 
does  not  quite  reach  cutoff  on  nega¬ 
tive  peaks,  thus  100-percent  nega¬ 
tive  modulation  will  not  be  ex¬ 
ceeded.  Proper  adjustment  of  the 
tap  can  be  determined  with  an  os¬ 
cilloscope  as  shown  in  Fig.  2. 

As  is  expected,  the  foregoing  pro¬ 
cedure  introduces  some  distortion. 
However,  for  speech  it  is  not  objec¬ 
tionable  at  150  percent  modulation 
and  does  not  interfere  with  the  in¬ 
telligibility  at  even  200-percent 
peak  positive  modulation. 


Experimental  Equipment 


To  demonstrate  the  feasibility 
of  the  method,  a  transmitter  using 
type  10  tubes  and  having  series 
modulation  was  modified  for  the 
purpose.  With  conventional  100- 
percent  modulation,  400  volts  ap¬ 
peared  across  the  r-f  stage  and 
about  600  across  the  modulator. 
On  200-percent  modulation  with 
suppressed  negative  peak,  about 
250  volts  appeared  across  the  r-f 
stage  and  750  across  the  modulator. 
The  ideal  values  for  these  respec¬ 
tive  conditions  would  be  500-500 
and  333-667. 

More  detailed  data  were  obtained 
from  a  transmitter  having  a  single- 
ended  304TL  r-f  stage  and  304TL’s 
in  the  modulator.  Transformer 
coupling  into  the  modulator  tubes 
was  found  necessary  to  provide  a 
low-impedance  d-c  grid  return.  Al¬ 
though  a  power  supply  capable  of 
providing  nine  times  the  unmodu¬ 
lated  carrier  power  on  positive 


Uniform  contact  resistance 

Mechanical  strength 

rings  are  now  oema 

o„,  and  „.chanicc 

potentiometers  ondj^  ,o  make  recommen 

engineers  will  P  ^ 

our  requirements.  We  wou 

to  cover  yoor  specifications. 
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PR£SSU«C 


COMPFINY 


Kollsman  oflFers  additional  AC  units  for 
remote  (indication  or  control  applications 


a  2-pha$e,  high- 
torque,  low-inertia  sTSI 
induction  motor  and 
an  induction  gener- 
ator.  Used  as  a  fast 

reversing  servo  motor.  Available  with  maximum  stall 
torques  of  1.0  (unit  shown)  to  6.7  (other  units)  oz/in. 


MOTORS  -  for  tim- 

where  variable 
loads  stay  in  exact 

synchronism  with  constant  or  variable  frequency  source. 
Synchronous  power  output  up  to  1/100  H.P. 


TELETORQUE  UNITS 

— precision  built 
selsyn  type  units 
for  remote  indica¬ 
tion.  Accurate  to 
±1  degree.  Actu¬ 
ated  by  units  pro¬ 
ducing  as  little  as 
4  gr/cm  of  torque. 


UNITS-electro- 
mechanical  error 
V  **  detector  me- 

v  chanical  output  for 

use  in  position 

aS  speed  control  servo 

systems.  Also  a  torque-producing 
'  ,  -  half  speed  synchroscope.  Small  com¬ 

bination  unit  with  two  variable  fre¬ 
quency  synchronous  motors  and  differential  gearing. , 

Output:  Speed  =  Ni_— jq  j  q  o^/in. 


GEARED  INDUCTION 
MOTORS 


miniature 
2-phase  servo  motors  ^■1® 
with  gear  reducer.  De- 
motor  features: 

Maximum  torque 

low  wattage 
input  and  high  torque/ 
inertia  ratio.  Gear  re- 

ducer  conservatively  rated  at  25  oz/in..  Maximum  torque 
with  gear  ratios  from  5:1  to  75,000:1  available. 


DRAG  CUP  MOTORS  —  minia¬ 
ture  2-phase  motors  with  high 
torque/inertia  ratio  and  ex¬ 
tremely  fast  stopping,  starting 
and  reversal  characteristics. 
Suitable  for  many  special  ap¬ 
plications  requiring  torque  of 
0.4  oz/in.  or  less. 


Because  of  their  high  responsiveness  and  precision,  Kollsman  Special  Purpose  Motors  are  particularly 
suited  to  systems  requiring  extremely  accurate  remote  indication  or  positive  electronic  control.  The 
units  shown  above  are  only  representative  of  a  complete  line  which  includes  many  similar  units  in 
various  voltages  and  frequencies.  Among  them,  the  instrumentation  or  control  engineer  will  find, 
in  many  instances,  the  device  that  fills  his  specifications  exactly. 

Reliable  performance,  light  weight  and  compact  size  are  characteristics  of  the  entire  line.  In  each 
unit  is  to  be  found  the  same  ingenuity  of  design  and  care  in  manufacture  that  has  for  twenty  years 
made  Kollsman  the  outstanding  leader  in  the  field  of  aircraft  instrumentation. 

For  full  information  on  any  or  all  of  these  Special  Purpose  Motors,  write  to:  Kollsman  Instrument 
Division,  Square  D  Company,  80-64  45th  Avenue,  Elmhurst,  N.  Y. 


KOLLSMRN  INSTRUMENT  DIVISION 
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THE  H.  A.  WILSON  COMPANY 

105  CHESTNUT  STREET,  NEWARK  5,  NE  .V  J"-  ^ 
Branch  Offices-  Chicago,  Detroit,  Los  Angeles,  Tr  ridenc* 


SPECIUISTS  FOR  34  YEHRS  IN  THE  MJNUFACTURE  OF  THERMTMETALS  •  ELECTRICAI 
CONTACTS  •  PRE-CIOUS  METAL  BIMETALLIC  P.  O'JPT:  AF:D  Srfri'.L  A: 


THE  ELECTRON  ART 


(conHiiMd) 


tf  stonig  contacts 


It  is  triply  to  your  advantage  to  rely  on  WILCO  for  electri¬ 
cal  contacts,  thermostatic  bimetals  and  contact  assemblies. 

FIRST . . .  WILCO  offers  you  a  wide  range  of  electrical  con¬ 
tacts  in  silver,  tungsten,  platinum,  sintered  powdered 
metals  and  in  alloys  and  combinations  of  these  —  in  solid 
and  composite  studs,  rivets,  screws  and  steel-backs. 

SfCOND  ...  the  facilities  of  THE  H.  A.  WILSON  COMPANY 
permit  you  to  secure  both  electrical  contacts  and  thermo¬ 
static  bimetal  from  a  single  source  for  use  as  parts  of  the 
same  device  .'.  .  contact  assemblies  designed  and  manu¬ 
factured  under  one  roof  .  .  .  combining  the  superfine 
quality  of  WILCO  contact  materials  and  WILCO  thermo¬ 
metal  to  meet  the  highest  performance  standards. 

THIRD  . . .  you  obtain  the  cooperation  of  the  WILCO  Sales 
and  Engineering  Departments  .  .  .  who  are  thoroughly 
familiar  with  both  electrical  contact  and  thermometal 
application  .  .  .  and  thoroughly  equipped  to  help  you 
achieve  yaur  objectives  of  reduced  costs,  improved  per¬ 
formance  or  new  product  development.  Whatever  your 
requirements  for  contacts  or  contact  assemblies,  WILCO 
engineers  will  gladly  help  you  meet  them  successfully. 

WILCO  PRODUCTS  INCLUDE:  THERMOSTATIC  BIMETALS: 
All  temperature  ranges,  deflection  rates  and  electrical 
resistivities.  ELECTRICAL  CONTACTS:  Silver,  Platinum, 
Tungsten,  Alloys,  Sintered  Powdered  Metal.  SILVER  CLAD 
STEEL:  For  industrial  use.  NI-SPAN  C*  Constant  Modulus 
Alloy;  also  low  and  high  expanding  Ni-Span  Alloys. 
JACKETED  WIRE:  Silver  on  Steel,  Copper,  Invar  and 
many  other  combinations.  SPECIAL  ALLOYS:  Including 
high  conductivity,  high  strength.  Copper  Alloys.  ROLLED 
GOLD  PLATE  AND  GOLD  FILLED  WIRE. 

*Reg.  Trade  Mark,  The  International  Nickel  Co.,  Inc. 


FIG.  2-(A)  Conventional  100-percent  modu¬ 
lation.  (B)  unsuppreaied  200-porcent  modu¬ 
lation,  and  (C)  200-percent  modulation 
with  auxUiary  tube  adjusted  to  limit  nega¬ 
tive  peaks 


peaks  may  seem  excessive,  the  fact 
that  this  power  need  be  provided 
only  on  such  peaks  means  that,  in 
practice,  the  filter  capacitors  can  be 
relied  upon  to  supply  the  peaks ;  the 
power  transformer  and  filter  chokes 
need  be  but  little  larger  than  for  a 
conventional  modulator.  The  heav¬ 
ier  the  modulation,  the  smaller  the 
power  dissipated  in  the  modblator 
tubes.  Thus  considerable  increase 
in  peak  power  is  made  possible  with 
negligible  increase  in  power  supply. 
In  addition,  because  series  modula¬ 
tion  is  used,  a  heavy  modulation 
transformer  and  speech  amplifiers 
are  omitted;  a  voltage  amplifier  is 


MODULATOR  CHARACTERISTICS 


Percent 

Positive  Ek-f  Fd-o  4  Fo 

Peaks  Volts  Volts  Mo  Volts 


TWO  TUBES 

100  1,050  2.700  370  —120 

125  850  2,750  300  —130 

150  750  2,750  270  —145 

200  650  2,800  240  —165 

THREE  TUBES 

100  1,100  2,600  380  —117 

125  900  2,700  330  —130 

150  800  2,800  270  —150 

200  700  2,750  240  —165 

Percent  negative  peak  modulation:  100 
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This  automatic  voltage  stabilizer 
supplies  a  constant  US  volts 


or  short  circuit  without  damage  to  themselves. 
They  will  limit  the  short  circuit  current  to  approxi¬ 
mately  twice  normal  full  load  current.  Dimensions 
areQVaxS'/sx  2*V32*  high— making  possible  shallow 
depth  installations.  Other  standard  G-E  stabilizers 
are  available  in  ratings  from  100  to  5000  va. 

Drop  us  a  line  if  you  see  a  possibility  for  these 
new  automatic  voltage  stabilizers  in  your  product. 
Please  give  us  all  the  information  you  can— and 
if  possible,  a  circuit  diagram  or  description  of  the 
load,  so  that  we  can  help  you  in  evaluating  the 
application.  Simply  address  your  nearest  G-E 
Apparatus  Sales  Office  or  Apparatus  Department, 
General  Electric  Company,  Schenectady  5,  TV.  Y. 


We  want  to  get  in  touch  with  any  manufacturer 
whose  product  will  operate  better  if  supplied  from 
a  stabilized  voltage  source. 

General  Electric  has  recently  announced  three 
new  automatic  voltage  stabilizers  that  provide 
steady,  dependable  output  voltages,  despite  vary¬ 
ing  input  voltages.  Rated  15,  25,  and  50  volt- 
amperes,  these  stabilizers  are  instantaneous 
(recovery  time:  3  cycles),  entirely  automatic,  and 
have  no  nmving  parts.  They  deliver  115  volts  out¬ 
put  .( —  one  per  cent  for  fixed,  unity  power  factor 
loads)  with  the  input  voltage  varying  from  95  to 
130  volts. 

These  units  will  operate  continuously  at  no  load 
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THE  ELECTRON  ART  (continiMd) 

sufficient  to  drive  the  modulator. 
The  modulator  is  as  shown  in  Fig. 
2A.  The  accompanying  tabulation 
gives  data  taken  witl.  it  for  two 
conditions:  (1)  two  304TL’s  in 
parallel,  one  having  reduced  audio 
excitation,  and  (.2)  three  304TL’s 
in  parallel,  again  with  one  having 
reduced  excitation. 

Although  this  method  of  sup¬ 
pressing  the  negative  peak  so  that 
amplitude  modulation  in  excess  of 
100  percent  can  be  obtained  without 
sideband  splatter  may  not  be  desir¬ 
able  for-  high-power  transmitters, 
it  is  economical  for  some  uses  of 
low-power  transmitters.  For  ex¬ 
ample,  using  this  method,  the  watt- 
hours  at  the  increased  voltage,  with 
appropriate  batteries,  obtainable 
from  such  portable  equipment  as 
that  used  by  the  forestry  fire  ward¬ 
ens  can  be  increased  without  in¬ 
creasing  the  weight  of  the  equip¬ 
ment. 


MEASUREMENTS  CORPORATION 


STANDARD  SIGNAL  GENERATOR 


SPEClFICATIONSs 

•  CARRIER  FREQUENCY 

RANGE:  Continuously  variable  from  20 
to  250  megacycles,  in  eight  ranges. 
ACCURACY.* Crystal  frequency  standard 
permits  setting  to  .01%.  Dial  scale  may 
be  set  to  0.1%. 

STABILITY:  Warm-up  drift  less  than  .05%. 
LEAKAGE:  Less  than  10  microvolts. 

•  MODULATION 

Continuously  variable  from  zeroto100%. 
CNVELOPC:  Sinusoidal,  or  composite 
television.  Bandwidth  to  3  db  is  4  Me. 
Rise  time  from  10%  to  90%  modulation 
0.15  microsecond.  Overshoot  less  than 
5%.  Slope  less  than  5%  on*  60  cycle 
square  wave. 

INPUT  IMPEDANCE:  75  ohms  10% 
(RMA  Standard). 

INPUT  LEVEL  1.5  volH  peak  to  peak 
minimum  level  for  100%  modulation. 
Black  negative  polarity. 

MODULATION  PERCENTAGE:  Zero  to 
110%;  plats  modulation. 

•  OUTPUT 

LEVEL  Continuously  variable  from  0.3 
microvolt  to  0.1  volt  balanced  to  ground 
(measured  at  100%  modulation  level). 
IMPEDANCE:  (a)  107  ohms  line  to  line 
(balanced). 

(b)  53.5  ohmsiine  to  ground 
(unbalanced). 

(c)  Suitable  pads  may  be 
employed  to  alter  these 
impedances. 

•  DIMENSIONS 

OVERALL:  Height— 58%";  Width— 
28V4";  Depth- 2556”. 

WEIGHT:  Model  90—302  pounds. 
External  Voltage  Regulator  92  pounds. 
POWER  SUPPLY:  117  volts,  60  cycles. 


Transitron  Oscillator  Tube 

A  SPECIALLY-DESIGNED  TETRODE  or  a 
standard  pentode  can  be  operated 
with  the  second  grid  acting  as  the 
anode  of  an  oscillator  and  the  plate 
acting  as  an  electron  reflector;  the 
potential  of  the  reflector  controls 
the  transit  time  and  hence  the  fre¬ 
quency  of  oscillation,  as  described 
by  Jerome  Kurshan  in  a, ‘paper 
entitled  The  Transitron,  An  Ex¬ 
perimental  A.F.C.  Tube,  presented 
before  the  National  Electronics 
Conference  in  November  and  pub¬ 
lished  in  the  ECA  Revietv  for 
December. 

Used  as  the  local  oscillator  in  an 
f-m  receiver  (88-108  me)  with 
automatic-frequency  control,  an  ex¬ 
perimental  tube  showed  a  sensitiv¬ 
ity  of  100  kc  per  volt,  thus  counter¬ 
acting  warmup  drift  at  the  high- 
frequency  end  of  the  band  by  a 
factor  of  4.5.  Tests  of  commercial 
miniature  tubes  in  the  accompany¬ 
ing  circuit  showed  that  the  6BE6 
with  its  third  (r-f  signal)  grid  as 
reflector  and  biased  to  at  least  20 
volts  negative  was  one  of  the 
strongest  oscillators.  The  9001 
gave  the  greatest  control  sensitiv¬ 
ity.  but  oscillated  very  weakly;  the 
6AK5  performed  most  reliably  but 
had  low  control  sensitivity.  A 
special  Transitrol  tube  was  built 


THE  FIRST  COHHRERCIAL 
WIDE-BAND,  WIDE-RANGE  SIGNAL  GENERATOR 
EVER  TO  BE  DEVELOPED 

The  Model  90  employs  a  master  oscillator, 
buffer  amplifier  and  modulated  power  am¬ 
plifier.  The  push-pull  buffer  eliminates  inci¬ 
dental  frequency  modulation. 

Features:  A  self-contained  crystal  calibrator 
and  individually  calibrated  dial  scales  permit 
frequency  settings  to  a  high  degree  of  accuracy.  A 
built-in  video  modulator  with  manual  or  automatic  dc 
inserter,  designed  to  operate  from  a  standard  RMA 
composite  signal.  Continuous  monitoring  is  provided  by 
built-in  oscilloscope. 

This  signal  generator  meets  the  most  exacting  standards 
required  for  high  definition  television  use. 
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HIGH  COST  OF  COILS 
Belden  CELENAMEL* 


®  You  can  cut  your  fine-wire  coil  produc¬ 
tion  time  very  substantially  because  Belden 
Celenamel’*’  has  eliminated  the  need  for  a 
stripping  operation.  ^ 

You  save  money,  too,  because  * 

you  eliminate  the  greatest  cause  A 

of  rejections.  !  -'id 


NO  STRIPPING  NECESSARY ! 

It  is  unnecessary  to  remove  the  Celenamel* 
insulation,  in  soldering  op>erations.  Simply 
dip  the  leads  in  a  lead-tin  bath  at 
6ooF  to  700F  or  apply  soldering 
iron  directly. 

.  Available  in  sizes  39  and  finer. 


^  Trade-Mark  Registered. 

Celenamel*  magnet  wire  —  a  copper  wire  insulated 
with  a  film  of  cellulose  acetate  combined  under  heat 
with  other  resinous  materials.  The  film  so  produced 
is  tough,  flexible,  continuous,  and  of  high  dielectric 
strength.  The  insulation  additions  produced  with 
Celenamel*  have  dose  and  uniform  tolerances. 


WIREMAKER  FOR  INDUSTRY 
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Rheostats 


THE  ELECTRON  ART  (coatinMd) 

and  tested  in  the  circuit  shown  in 
the  diagram;  its  performance  cor¬ 
related  well  with  theoretical  ex¬ 
pectations. 

Transit-Time  Frequency  Control 

Because  of  the  greater  need  for 
afc  in  the  vhf  region  (30-300  me) 
than  in  the  lower-frequency  bands, 
a  simple  means  of  controlling  the 
frequency  of  a  local  oscillator  is 


CIRCUIT  FOR  COMPARING  COMMERCIAL  TUBES 


FROM  AFC 

-♦esov 


50000 


TO  MIXER 


TRANSITROL  TUBE  USED 
IN  EXPERIMENTAL  AFC 
OSCILLATOR  FOR  F-M 
RECEIVER 


WE  SHOW  HERE  3  of  our  Standard  types  of  rheostats— 
(1)  type  2462  F,  a  most  compact  10  watt  model  which 
fits  into  exceptionally  small  space  (only  %  inch  from  back 
of  panel);  (2)  our  rugged  type  M  25  watt  rheostat  which 
offers  exceptional  heat  dissipation  for  size;  and  (3)  the 
widely  used  line— type  B  50  through  F  500— available  in  50, 
100, 150,  300  and  500  watts,  all  designed  with  massive  wind¬ 
ing  core,  exceptionally  rugged  terminal  screws  and  other 
exclusive  advantages. 

As  one  of  the  oldest  manufacturers  of  rheostats  and  re¬ 
sistors  we  ask  you  to  consult  with  our  engineers  about  your 
specific  requirements. 


To  dotermino  the  Bultobility  of  commercial 
tubes  for  Transitrol  operation  they  are 
tested  in  the  top  circuit  The  voltage  ap¬ 
plied  to  the  second  grid  should  be  large 
enough  to  produce  stable  oscillation  but 
not  so  large  as  to  exceed  the  grid  dissipa¬ 
tion.  The  reflector  voltage  is  adjusted  for 
sero  reflector  current.  The  bottom  circuit 
shows  the  oscillator  using  a  modified  6BE6 
which  reduced  warmup  drift  by  a  factor 
of  4.5  from  that  without  afc 


needed.  Although  a  reactance  mod¬ 
ulator  can  be  used,  it  entails  an 
additional  tube  in  the  receiver. 

The  pulling  of  the  local  oscillator 
frequency  by  changes  in  the  bias  on 
the  r-f  signal  grid,  an  effect  some¬ 
times  observed  in  converters,  can 
be  used  as  the  basis  for  afc.  The 
frequency  pulling  arises  because, 
as  the  bias  changes,  electrons  are 
variously  reflected  back  to  the  oscil¬ 
lator  section  where  they  interact 
with  the  electrodes  and  space 
charge  to  produce  a  changing  sus- 
ceptance  across  the  oscillator  cir¬ 
cuit.  To  make  use  of  the  effect, 
the  tube  is  so  operated  that  elec¬ 
trons  leave  the  cathode,  pass 
through  the  control  grid,  are  accel¬ 
erated  by  the  screen,  are  possibly 


Rheostats  and  Resistors 


Subsidiary  of 

THE  NATIONAL  LOCK  WASHER  COMPANT 

NEWARK  5,  N.  J.  EstabUshed  1886  U.  S.  A 
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THE  ELECTRON  ART  (continiMd) 

reflected  by  the  reflector,  and  finally 
reach  the  anode.  By  changing  the 
potential  on  the  reflector,  the 
transit  time  of  the  electrons  be¬ 
tween  grid  and  anode  can  be  altered. 
By  deriving  a  direct  voltage  from 
the  discriminator  of  an  f-m  re¬ 
ceiver  and  using  it  to  control  the 
reflector,  afc  is  obtained  without 
an  additional  tube. 


Operation 


recording  of  electrical  phenomena  from 
D.C.  to  100  c.p.s.  help  in  your  research? 


An  analysis  of  the  oscillator 
shows  .that  a  small  capacitance  in 
its  resonant  circuit  is  desirable  for 
control  sensitivity,  although  then 
there  will  be  considerable  warmup 
drift  because  interelectrode  capaci¬ 
tance  is  a  large  fraction  of  the  res¬ 
onant-circuit  capacitance. 

In  practice,  it  is  desirable  to  keep 
the  voltages  on  the  anode  and  the 
control  potentials  small  for  large 
control  sensitivity.  The  reflector 
spacjing  in  the  experimental  tube 
was  adjusted  to  obtain  the  optimum 
response  with  these  conditions,  but 
some  commercial  tubes  have  such 
spacings  that,  by  suitable  choice  of 
their  electrodes  and  potentials,  they 
can  be  used  with  reasonable  sensi¬ 
tivities,  ‘^nch  as  the  6BE6  prev¬ 
iously  mentioned. 


It's  a  fact  —  permanent,  instanlaneovis 
ink-on-paper  recordings  by  Brush  Oscillographs 
moke  their  use  almost  unlimited! 


Circuit  for  Testing  Tubes 


Accurale  recordings  of  vollages,  pressures, 
radiation  intensity  and  countless  other  phenomena  can 
be  made  over  a  frequency  range  of  D  C.  to  100  c.p.s. 
Either  A.C.  or  D.C.  signals  can  be  measured. 

Whenever  desired,  recordings  may  be  stopped  for 
notations  on  chart-paper. 


The  Colpitts  oscillator  circuit 
shown  in  the  diagram  was  -used  to 
test  commercial  tubes  in  this  afc 
circuit.  For  f-m  receivers  with  a 
standard  i-f  of  10.7  me,  the  local 
oscillator  normally  ranges  from  99 
to  119  me.  Miniature  tubes  are 
most  suitable  for  this  range.  Also, 
the  Colpitts  circuit,  using  the  inter¬ 
electrode  capacitances  for  feedback 
and  with  the  cathode  grounded,  is 
the  simplest  to  use  at  these  fre¬ 
quencies,  For  transit-time  control, 
it  is  important  that  the  cathode  be 
at  ground  potential. 

Unfortunately,  neither  end  of  the 
tuned  circuit  is  at  ground.  It  is 
necessary  for  this  application  that 
there  be  an  r-f  field  between  the 
second  grid  and  the  reflector,  other¬ 
wise  the  transit  of  the  electrons 
would  effectively  terminate  when 
they  passed  the  second  grid 
(anode),  because  thenceforth  they 
could  not  induce  voltage  in  the  reso¬ 
nant  circuit.  Practically,  it  is 
simplest  to  have  the  reflector  at  r-f 


Investigate  Brush  measuring  devices 
before  you  buy  .  .  .  they  offer 
more  for  your  money. 

Why  not  have  a  Brush  repre¬ 
sentative  call?  At  no  obligation, . 
of  course. 


Just  call  or  write  —  today  —  you'll  find  it  worth  a  few 
seconds'  time  I  , ... , 


3405  Serkiss  Avesss  •  Clsvelosil  14,  Okie,  U.S.A. 


MAGNniC  RECORDING  UiV.  •  ACOUSTIC  PRODUCTS  DIV. 


INDUSTRIAL  INSTRUIHENTS  DIV.  •  CRYSTAL  DIVISION 


Canadian  Representative;  A.C.  Wickman,  (Canada)  Ltd.,  P.O.  Box  9,  Station  N,  Toronto  14 
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SYNCHRONOUS  MOTORS 


Medium-duty  motor,  type  B.  Torque 
rating  of  various  models  from  .015 
pound-inch  at  60  rpm.  at  60  cycles  to 
.375  pound-inch  at  1  rpm. 


Light-duty  motor,  type  H3.  Torque 
rating  .018  pound-inch  at  3.6  rpm.  at 
60  cycles. 


Medium-duty  motor,  type  H5. 
Torque  rating  from  .20  pound-inch  at 
6  rph.  to  .50  pound-inch  at  1  or  2  rph. 
at  60  cycles. 


Type  1M9  Instrumeut  movement. 
Designed  especially  for  chart  drives  but 
adaptable  to  most  instruments.  Termi¬ 
nal  shaft  speeds  from  one  revolution  in 
15  minutes  to  1  in  30  days.  Terminal 
shaft  rotation  counterclockwise. 


Type  IMS  synchronous  movement. 
Small,  compact  movement  for  light-duty 
applications.  Terminal  shaft  speeds  from 
12  rph.  to  one  revolution  in  24  hours. 
Terminal  shaft  rotation  clockwise. 


Telechron  motors  ore  available  in 
many  different  types,  torque  ratings 
and  terminal-shaft  speeds.  Torque 
ratings  are  conservative.  Motors  are 
available  for  all  standard  commercial 
frequencies. 

These  motors  give  you  the  advan¬ 
tages  of  the  longest  engineering  and 
manufacturing  experience  in  the 
field.  They're  built  by  the  largest  pro¬ 
ducer  of  synchronous  electric  tim¬ 
ing  motors  for  over  25  years.  Every 
one  is  Underwriters  Laboratories 
approved.  Telechron  application  en¬ 
gineers  are  always  glad  to  discuss 
your  special  requirements.  Address 
Motor  Advisory  Service,  Dept.  M, 
Telechron  Inc. 

Massachusetts. 


Count  on  a  Telechron  synchronous 
electric  motor  for  the  absolute  ac¬ 
curacy  and  dependability  so  vital  in 
automatic  timing,  switching,  control 
and  recording  instruments.  These 
self-starting  motors  are  engineered 
and  precision-built  for  long,  con¬ 
tinuous  service  in  an  almost  limitless 
range  of  industrial  applications. 

Because  they  operate  in  perfect 
synchronism  with  any  commercial 
frequency,  they  have  to  be  accurate 
.  .  .  can't  run  faster  or  slower.  The 
replaceable,  high-speed  rotor  unit 
is  sealed  in  to  keep  out  dust,  and 
lubricated  by  Telechron's  exclusive 
oiling  system  for  long  life.  Fields  are 
mounted  externally  for  easy  service 
and  lower  operating  temperatures. 


Telechron  motors  are  meeting  the 
need  for  greater  accuracy  and  de¬ 
pendability  in  many  industrial  appli¬ 
cations.  They  include: 

Signaling 
Fixed  Process 
Controlling 
Measuring 
Gaging 
Regulation 
Communications 


Timing 

Controlling 

Metering 

Recording 

Switching 

Cycling 

Operations 


I  see.our 
CATALOG 


THE  FIRST  AND  FAVORITE  SYNCHRONOUS  ELECTRIC  TIMING  MOTOR 
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THE  ELECTRON  ART  (conHnutd) 

ground,  which  requires  that  the 
cathode  also  be  at  r-f  ground  to 
avoid  reflector  current  due  to  elec¬ 
trons  that  would  be  emitted  at  the 
negative  peaks  of  cathode  voltage. 


SURVEY  OF  NEW  TECHNIQUES 


Miniaturization  of  airborne  equip¬ 
ment  is  now  being  carried  on  by 
the  Air  Materiel  Command  at 
Wright  Field,  Patterson,  Ohio  with 
the  objective  of  reducing  electronic 
gear  to  20  percent  of  its  present 
size,  but  without  impairing  per¬ 
formance.  By  redesigning  tubes  to 
subminiature  size,  the  same  char¬ 
acteristics  are  being  obtained  in 
80-percent  less  space  for  amplifiers, 
90-percent  less  space  for  rectifiers. 
The  size  and  weight  of  transform¬ 
ers  has  been  reduced  to  a  third 
their  present  values. 

In  addition  to  these  and  other 
reductions  in  sizes  of  components, 
the  compactness  of  the  assembled 
equipment  contributes  to  the  reduc¬ 
tion  in  overall  bulk. 

Printed  radio  circuit  techniques 
are  used  to  minimize  the  sizes  of 
low-level  circuits;  cooling,  using 
liquid  Freon,  enables  parts  in  high- 
level  circuits  to  be  grouped  more 
compactly  and  at  the  same  time  pro¬ 
tects  the  equipment  from  atmos¬ 
pheric  effects  (fungus  and  oxida¬ 
tion)  and  reduces  the  possibility  of 
burnouts  so  that  the  equipment  will 
outlast  conventional  gear.  The 
need  for  more  electronic  equipment 
in  modern  high-speed  aircraft  and 
the  reduced  space  for  such  equip¬ 
ment  makes  this  miniaturization 
necessary  for  expanded  applica¬ 
tions  of  electronics  in  aviation. 


In  the  field  of  electronics  and  the  electrical 
industry,  MOSINEE  stands  for  paper- base 
processing  materials  with  scientifically 
jj^pntrailed  chemical  and  physical  prop^ties,  high 
B  cpaality  standards  and  dependable  uniformity... 

■  ^  with  good  dielectric  strength,  high  tensile  or  tear 
strength;  proper  softness  or  stiffness; 
c^eped  with  controlled  stretch  or  flexibility;  specified 
pH  for  maximum-minimum  acidity  or 
alkalinity;  accurate  caliper,  density,  liquid  repellency 
or  absorbency  ...  or  other  technical 
characteristics  vital  to  your  quality  standards  an^ 
production  requirements. 


A  NEW  HEARING  AID  A-battery  ex¬ 
tends  the  life  of  such  subminiature 
batteries  to  80  hours  (4.25  ampere- 
hours  under  ASA  test).  Hearing 
aid  A-batteries  using  two  pen-sized 
flashlight  cells  gave  8  hours  service 
and  have  been  improved  so  that 
they  give  24  hours  service.  Al¬ 
though  the  new  National  Carbon 
Co.  unit  is  the  size  of  these  dual 
pen-cell  batteries  (A  on  accompany¬ 
ing  graph)  used  in  single-unit  hear¬ 
ing  aids,  it  has  the  life  of  the  larger 
cell  (see  B  on  graph)  which  are 
used  in  old-style  hearing  aids  having 


MOSINEE  PAPER  MILLS  COMPANY  •  MOSINEE,  WIS 
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r Iter  for 


Exclusive  Manufacturers  of  Communications  Network  Components 


•  vV'  ' 


The  big  three  out  of  30  types  of 
toroidal  coils  we  are  supplying. 
TC'1  any  ind.  up  to  10  hys. 
TC*2  any  ind.  up  to  30  hys. 
TC-3  any  ind.  up  to  .750  hys. 


YONKERS  2,  NEW  YORK 

CABLE  ADDRESS  "BURNELL'' 


IL  INQUIRIES  WILL  BE  PROMPTLY  HANDLED  .  .  WRITE  FOR  TECHNICAL  INFORMATION 


hr  POWER,  SIGNAL  and 


CONTROL  CIRCUITS 


in  AIRCRAFT  and 


ELECTRONIC  EQUIPMENT 


^7il  j!Uk 


Ruggedaess  for 


AIRCRAFT  SECURITY 


Stronger  shells,  stronger  insulation,  lowest 


resistance  contacts  with  wiring  solder  pockets 


aligned  for  quick,  convenient  connections. 


Built  to  quality  standards  beyond  the  already 
rigid  specifications  for  AN  Connectors.  Am¬ 


phenol  pioneered  in  the  engineering  of  this 


rugged  and  efficient  line  of  connectors-for  use 


hi  military  aircraft.  To  be  sure  of  top  per 


formance,  specify  Amphenol  AN  Connectors 


^and  Fittings. 


Writt  for  the  new  AN  Catalog  A-1.  It's  ahun 


dant  with  the  latest  connector  information 


and  contains  timesaving  listings  and  indexes 


for  the  engineer  and  buyer.  Mail  your  request 


on  company  letterhead  to  Department  13-B. 


AMERICAN  PHENOLICi  CORPORATION 

1830  SOUTH-54TH  AVENUE,  CHICAGO  50,  ILLINOIS 

COAXIAL  CABLES  AND  CONNECTORS  •  INDUSTRIAL  CONNECTORS,  FITTINGS  AND 
CONDUIT  •  ANTENNAS  •  RADIO  COMPONENTS  •  PLASTIC  FOR  ELECTRONICS 


BATTERY 
WEIGHT  INGRAMS 
VOUJME  IN  CC 
MIX  WEIGHT  IN  GRAMS 

ampere-hours* 

HOORS-SERVICE* 


(A)  (8)  (C) 

1034  30 

•Is  5T  “ 

1.51  4.T2  45 


SHKBHBPB 


10  20  30  40  SO  GO  70  80 

HOURS  ON  DISCHARGE 


Comparison  of  two  A-battertos  commonly 
used  in  bnoring  aids  (A)  and  (B)  widi  new 
ceU  (C) 


separate  battery  packs.  The  new 
cell  (C)  uses  oxygen  from  the  air  as 
its  depolarizer,  thus  enabling  the 
chemical  content  to  be  devoted  to 
electrolyte,  giving  larger  power  out¬ 
put  per  weight  and  volume  than  do 
other  batteries.  It  consists  of  (1) 
two  oxygen-absorbing  carbon  strips 
(positive  electrode)  bonded  to  (2) 
a  perforated  metal  strip  and  molded 
into  (3)  a  plastic  case  having  air 
vents  and  into  which  is  poured  (4) 
a  ge’.-paste  that  immobilizes  (5) 
the  alkaline  electrolyte  in  the  center 
of  which  is  inserted  (6)  a  sheet  of 
zinc  (negative  electrode)  that  will 
be  completely  consumed  at  the  end 
of  the  cell’s  life.  The  action  of 
these  six  parts  of  the  battery  is 
effectively  the  burning  of  the  zinc 
electrode  in  the  oxygen  of  the  air. 
The  vents  in  the  plastic  case  are 
sealed  with  a  vinyl  tape  until  the 
battery  is  placed  in  operation  so 
that  the  shelf  life  of  the  sealed  cell 
is  very  long.  It  is  rated  for  use  at 
20  to  80  ma  (ampere-hour  capacity 
is  little  affected  by  the  rate  of  drain 
within  these  limits.)  Terminal 
voltage  into  a  20-ohm  load  is  prac¬ 
tically  constant  (75  percent  of  life) 
at  about  1.06  volts. 

A  PLASTIC  BASE  for  printed  circuits 
is  being  used  by  Telex,  Inc.,  Minne¬ 
apolis,  manufacturer  of  hearing 
aids.  The  chief  advantages  in 
using  plastic  bases  are  lightness, 
flexibility,  durability,  and  moisture 
resistance.  Conductors  and  re¬ 
sistors  are  etched  into  the  surface 
of  the  plastic  by  the  silk-screen  pro¬ 
cess  and  then  the  circuit  is  hermet¬ 
ically  sealed.  The  new  printed  cir¬ 
cuit  used  a  0.025  inch  thick  piece 
of  polystyrene  (Styron)  which 
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largest  hydroelectric 
development  in  the 
world . . .  employs 
WESTINGHOUSE 


INSTRUMENTS 


Westinghouse  instrument  specialists  are  bailable  in  the  field  for 
consultation  on  your  instrument  problems.  Call  your  nearest 
Westinghouse  office,  or  write  Westinghou^  Electric  CoriK>ration, 
P.  O.  Box  868,  Pittsburgh  30,  Pennsylvania. 

Send  for  booklet  B-2209-A,  Communication  Instrument  Booklet 
B-3283,  or  Switchboard  Instrument  Bookl^  B-3363. 


The  Coordinated  Design  and  Styling  of  Westinghouse 
instruments  contribute  greatly  to  the  space-saving 
arrangement  and  excellent  appearance  of  this  installation. 

For  such  complex  and  exacting  instrument  applica¬ 
tions,  reliability  is  a  “must”.  Every  part  of  Westinghouse^ 
instruments  is  completely  designed  and  manufactured  by 
Westinghouse  to  insure  proper  relation  with  all  other 
parts.  This  undivided  responsibility  and  attention  to  all 
details  assures  you  of  unfailing  performance. 

What  are  YOUR  electrical  measuring  problems? 

Would  they  include — reliable  performance  .  .  .  styling 
. . .  size  .  .  .  readability  ...  or  different  types  of  service 
.  .  .  portable  .  .  .  switchboard  .  .  .  panel  .  .  .  recording? 

The  vast  lines  of  Westinghouse  electrical  measuring 
instruments  provide  you  with  the  answers  to. all  of  these 
problems.  Every  Westinghouse  instrument  is  backed  up 
by  more  than  60  years  of  skill,  “know-how”,  and  ex¬ 
perience  in  every  field  of  industry. 

Westinghouse  Instruments  Also  Provide  You  With 

•  Dials  that  stay  white  under  •  Springs  that  remain  con- 


all  conditions.* 

•  Magnets  that  stay  perma¬ 
nent. 

•  Pivots  with  high  shock  capac¬ 
ity  and  low  friction. 


stant  for  life. 

Quick  delivery  of  more 
different  ratings  and  types. 

Complete  Nationwide 
Service. 


yy 


Shipihaw  No.  2  of  the  Aluminum  Company  of  Canada  on 
Iho  Soguonoy  Rivor  in  Ouoboc,  Canada,  it  iho  Imgott  hydro- 
oloctric  dovolopmont  in  Iho  world  conlainod  in  a  tinglo 
poworhouto.  Twolvo  giant  hydro  unilt,  with  a  totot  generat¬ 
ing  capacity  of  1,200,000  hortepower,  are  controlled  from 
Iho  complex  beard,  shown  above. 


PAMARCO  tensions  ore  the  low-cost  answer  to  lower  coil  winding  costs. 
The  free-running  action  of  the  PAMARCO  tension  practically  eliminates 
wire  breakage,  shorted  turns;  allows  higher  winding  speeds.  Their  com¬ 
pact  size  permits  many  more  simultaneous  coil  winds  on  any  machine. 
Simple  thumb  screw  adjustment  makes  it  possible  for  the  operator  to 
rapidly  adjust  for  any  gauge  wire ...  no  tools  or  special  skill  are  required. 


THE  ELECTRON  ART  —  (contiiiMd) 

measures  IH  inches  in  length  by 
lA  inches  wide.  The  one-piece 
Telex  “99”  hearing  aid  circuit  us¬ 
ing  this  polystyrene  base  weighs  5 
ounces  including  batteries,  while 
the  plastic  base  itself  weighs  only 
A  of  an  ounce. 


WIRE 

DE-REELING  TENSIONS 


Radiations  similar  to  cosmic  rays 
will  be  generated  by  the  1,000,000,- 
000  electron-volt  accelerator  to  be 
completed  in  1951  at  Stanford  Uni¬ 
versity,  Calif.  The  prototype  elec¬ 
tron  accelerator  (Electronics,  p 
144,  Npv.  1947)  was  12  feet  long 
and  produced  6  mev.  The  full-scale 
wave  guide  accelerator,  being  de¬ 
veloped  under  direction  of  Dr.  W.  W. 
Hansen,  will  be  160  feet  long. 


Sensitivity  of  the  zeus  ionization 
chamber  circuit  can  be  increased  by 
using  a  new  subminiature  tube  hav¬ 
ing  a  maximum  grid  current  rating 
of  2  X 10*“  amperes.  The  tube’s 
filament,  rated  at  1.25  volts  and  10 
ma,  is  designed  for  operation  di¬ 
rectly  from  a  dry  cell.  The  new 
CK571AX  tube  has  a  slightly 
higher  mutual  conductance  and 
gain  than  the  CK5697/CK570AX, 
which  was  originally  designed  for 
the  zeus  circuit  (see  Electronics, 
p  182,  Nov.  1947  and  p  1%,  Jan. 
1948),  and  can  therefore  be  used  in 
this  circuit.  This  new  Raytheon 
tube  can  be  employed  in  various 
portable  instruments  for  measuring 
radioactivity. 


...  IN  THB  NtW  YORK  TRANSFORMER  CO.,  INC. 
WINDING  DEPT.,  PAMARCO  DE-REELING  TENSIONS 
REDUCE  WINDING  COSTS  AND  REJECTS* 


Magnetic  pole  face  shims  for  the 
synchrocyclotron  now  being  built  by 
the  Carnegie  Institute  of  Technol¬ 
ogy  are  radically  different  from 
conventional  design.  In  addition  to 
the  series  of  steps  usually  machined 
into  the  profiles  of  pole  tips,  deep 
concentric  grooves  are  being  milled 
near  their  edges.  As  a  result,  the 
new  design  extends  the  useful 
radius  of  the  magnet  to  96.5  percent 
of  the  actual  shim  radius  (com¬ 
pared  to  85  to  90  percent  heretofore 
possible).  In  this  way  the  150-ton 
cyclotron  will  be  able  to  produce 
400-mev  particles  with  only  160-ton 
pole  pieces  having  141.65-inch,  30- 
ton  shiips.  (Existing  machines  in 
the  same  energy  class  require  from 
2,000  to  4,000  tons  of  steel.)  The 
design  constituted  the  thesis  of 
M.  H.  Foss,  for  which  he  was 
I  awarded  his  doctorate  last  June. 


provtr? 

proven  facf  hundreds 
information  call  nr 


PAMARCO 

of  i-  ■  - 

*  today  without 


t  obligation, 


1014  OAK  STREET 


ROSELLE 


NEW  JERSEY 
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NEW  ELECTROLYTICS 
fully  dependable 
TO  450  VOLTS  AT  85^C 


for  TEIEVISION’S  exacting  applications 


Designed  for  dependable  operation  up  to  450  volts 
at  85^C.  these  new  Sprague  electrolytics  are  a 
good  match  for  television's  severest  capacitor  as 
signments.  An  extremely  high  stability  character 
istic  is  assured,  even  after  extended  shelf  life, 


thanks  to  a  special  Sprague  processing  technique. 
Greatly  increased  manufacturing  facilities  are  now 


available. 


3ercent 
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Capacitors 
*  Koolohm  Resistors 
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ILLUSTRATIONS 
ACTUAL  SIZE 


Your  inquiries  concerning  these  new  units  are  invited. 


SPRAGUE  ELECTRIC  COMPANY  •  NORTH  ADAMS,  MASS. 


We  we/come  fh<& 
hard  to  please' 


COTO-COIL  CO.,  INC. 


coa  SPKIAUSTS  SINCI  1917 
PoviUoa  Asm*,  ProvidUinct  $,  A*  I. 
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with 

mtHHUi 

windinqs 


You  can  stand  pat  with  windings  by 
COTO-COIL.  There  is  no  gamble  because 
there's  nothing  that  can  beat  them. 

.  We  place  our  31  years  of  experi¬ 
ence  at  your  service,  plus  unexcelled  facilities 
for  producing  the  coils  you're  looking  for. 


Wi'd  Liki 
Tl  Qwti  0i 


BOBBINS  •PAPER  INTERLEAVE 
ACETATE  INTERLEAVE«COTTON  INTERWEAVE 
TAPED  FORM  WOUND 

UNIVERSAL  SINGLE  OR  MULTI  PIE  CROSS  WOUND 


NEW  PRODUCTS 

(conthuMil  from  p  130) 

seconds  per  point.  In  case  of 
trouble  thermocouples  can  be  cut 
out  in  banks  of  20  at  a  time.  When 
a  temperature  reaches  a  preset 
limit  an  alarm  sounds. 


Besides  its  applications  in  the  2- 
tube  zeus  circuit  it  may  be  used  in 
single  tube  circuits,  and  ir  particn- 
larly  useful  in  radioactivity  mea.s- 
uring  instruments. 

Tape  Recording  Head 

j  The  Indiana  Steel  Products  Co., 

'  6  N.  Michigan  Ave.,  Chicago  2,  Ill. 
i  Model  TD-704  magnetic  tape  re- 
j  cording  head,  used  for  both  record- 
'  ing  and  playback,  is  designed  for 
I  high-impedance  circuits  and  gives 
I  best  results  with  a  track  0.2  inch 


i  Raytheon  Mfg.  Co.,  Newton, 

I  Mass.,  has  added  type  CK571AX 
i  electrometer  tube  to  its  subminia- 
I  ture  line.  The  filament  is  designed 
to  be  operated  directly  from  an 
!  ordipary  battery  cell  and  draws  10 
I  ma  at  nominal  rating  of  1.25  volts. 


Subminiature  Tube 


StattdarS  Telephones  and  Cables  Limited  Radio  Division 

OAKLEIGH  ROAD,  NEW  SOUTHGATE,  LONDON,  N.11,  ENGLAND 

R.D.7 
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w  here  the  installation  of  wires  or 
cables  is  hazardous  or  uneconomical. 
Standard  Time>sharing  Multiplex  provides 
a  thoroughly  reliable  telephone  trunk 
system,  easy  to  install  and  maintain.  Each 
equipment  deals  with  up  to  24  channels, 
handling  any  kind  of  A.F.  traffic  in  the 
300-3400  c/s  range,  including  teleprinter 
and  automatic  telephone  signals.  Time¬ 
sharing  Multiplex  ensures  low  crosstalk  and 
noise  levels,  and  fading  does  not  affect 
speech  levels.  An  UHF  carrier  is  used  and 
the  normal  line-of-sight  range  ( approx.  35 
miles)  may  be  extended  by  automatic 
repeaters. 


Complete  terminal  equipment  occupies  a  double  cabinet  7'  wide  x  2*  4' 
deep  X  4'  4"  high,  and  aerials  may  be  up  to  too'  from  the  main  equipment. 
Writ#  for  our  Buffoltn  No*  5ft  vrfticK  gtvot  furlhor  f«ds  «n<^  fi9uros* 
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wide.  Using  tape  with  a  coercive 
force  of  300  oersteds  at  a  speed  of 
inches  per  second,  operating  bia^ 
level  at  40  kc  is  1.7  ma  and  the 
audio  signal  current  for  standard 
recording  level  is  0.15  ma. 


Tone  Generator 

Radio  Corf,  of  America,  Camden, 
N.  J.  Type  WA-26A  portable  tone 
generator  is  designed  for  use  in 
broadcasting  studios  in  equalizing 


One  piece  drown 
transforms  cans  with 
or  without  covers 


fRnnsFORmER  irrs 

STOCKED  IN  STANDARD  SIZES 

Let  us  save  you  die  costs  on  all  stock  size  transformer  cans, 
and  make  IMMEDIATE  DELIVERY.  We  carry  a  full  range  of 
sizes  and  can  supply  with  or  without  covers.  List  of  stock  sizes 
and  prints  will  be  furnished  upon  request. 

We  ore  also  equipped  to  fabricate  special  sizes  and  shapes 
(round,  square  and  rectangular)  of  transformer  cans  to  your 
own  specifications.  Tell  us  your  requirements  and  we  will  be 
glad  to  submit  estimates. 

All  Craft  Transformer  Cans  are 

drawn  in  one  piece.  f  "T  //j\Av 

CONTACT  CRAFT  FOR  //T  H 

TRANSFORMER  CANS  ^  ^ 

MANUFACTURING  CO. 

3949  W.  Schubert  Ave.,  Chicago. 


StcUtiiedA,  Steel  Sfieocalidld. 


remote  telephone  lines.  The  circuit 
is  an  R-C  type  allowing  selection  of 
ten  frequencies  from  60  to  16,000 
cps.  Output  is  metered  and  cali¬ 
brated  in  dbm. 

High-Voltage  Generator 

High  Voltage  Engineering 
CORP.,  7  University  Road,  Cam¬ 
bridge,  Mass.,  announces  the  model 
L  Van  de  Graaff  high-voltage  gen¬ 
erator  which  provides  adjustable 
constant  potential  up  to  250,000 
volts.  A  voltmeter  reads  terminal 
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With  this  compact  folder,  you 
can  obtain  information  on  TAMCO 
products,  readily.  When  you  want' 
approximate  physical  properties, 
a  chemical  analysis,  or  commercial 
applications  of  spedfic  products-* 
clear  concise  charts  provide  them 
at  a  glance.  That's  why  you  will 
want  this  helpful  booklet  whether 
you  are  Interested  in  TAM  ceramic, 
chemical  or  metallurgical  prod¬ 
ucts.  Address  your  request  to  our 
New  York  City  office. 

More  detailed  information  on 
Titanium  or  Zirconium  products  is 
available  also  upon  request.  These 
data  have  been  compiled  to  meet 
the  demand  for  authentic  informa¬ 
tion  on  these  products  from  the 
source  most  closely  identified  with 
their  development.  It  may  prove 
advantageous  to  discuss  certain 
problems  and  applications  with 
^ur  sales  engineers. 


When  you  write  for  your  ref- 
^  erence  folder,  let  us  know  if 
our  Field  Engineering  can  be  of 
assistance  at  this  time. 


TAM  ond  TAMCO  ora  ragittarad  tradamarks. 
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CONNECTICUT 


TORRINGTON 


YOUR  PRODUCTS 


HARNISS  TIM(  TO 


SUBSIDIARY  or  GENERAL  TIME  INSTRUMENTS  CORPORATION 


NEW  PRODUCTS 


(contintied) 


voltage  directly  and  a  polarity  re¬ 
versing  switch  permits  selection  of 
either  positive  or  negative  voltage. 
The  unit  will  operate  from  any  115- 
volt,  60-cycle,  single-phase  circuit 
fused  for  20  amperes. 


Motor*Startmg  Relay 

Potter  &  Brumfield  Sales  Co., 
549  W.  Washington  Blvd.,  Chicago 
6,  Ill.  The  MS4A,  a  3  h-p  motor¬ 
starting  relay,  is  fitted  with  large 
silver  cadmium  oxide  contacts  for 


high  current  loads.  It  is  available 
with  800-ohm  winding  for  115-volt 
50  to  60-cycle  motors  or  with  2,100 
ohm  coil  for  230-volt  50  to  60- 
cycle  motors. 


Western  Union's  new  Telefax  Receiver,  the  Desk-Fax  model,  is  a 
compact  facsimile  telegraph  sending  and  receiving  system  for  desk 
use.- Accurate  timing  is  one  of  the  fundamentals  of  its  ingenious 
operation  and  the  new  device  is  wired  for  dependable  Haydon  timing. 
A  :^1600  series  motor  is  used  to  drive  the  scanning  stylus  from  left  to 
right  by  means  of  a  drum  and  cord.  The  synchronous  motor  opera¬ 
tion  permits  constant  speed  stylus  movement  and  both  sending  and 
receiving  units  run  at  the  same  speed. 

Western  Union  pioneers  in  communications,  Maydon  in  the  science  of 
timing  .  .  .  developing  devices  and  motors  which  make  possible 
progress  in  all  fields  of  industry.  In  addition  to  producing  timing 
motors  and  a  wide  range  of  standard  timers,  Haydon  also  specializes 
in  design  engineering  and  production  of  custom-built  timing  devices 
for  specific  volume  applications.  Wherever  timing  is  important,  Haydon 
is  ready  to  assist. 

Wire  or  write  for  a  Haydon  representative  to  call.  If  it's  time  for 
timing,  it's  time  for  Haydon.  An  Engineering  Data  Catalog  is  available. 
For  quick  reference,  see  Haydon  Catalog,  Sweet's  File. 


Recording  Sound  Analyzer 

Sound  Apparatus  Co.,  233  Broad¬ 
way,  New  York  7,  N.  Y.  Fre¬ 
quency  analysis  of  a  complex  wave 
from  25  to  750  cps  is  recorded 
on  a  4-inch  wide  calibrated  scale 
by  the  FR  and  FR-1  recorders  in 
conjunction  with  the  General  Ra¬ 
dio  760-A  sound  analyzer.  Full  scale 


WRITE  2412  ELM  STREET,  TORRINGTON,  CONNECTICUT 
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For  outstanding  service  in  every 
rectifier  application  specify  Seletron 
Selenium  Rectifiers.  They  have  the 
''extra  something"  that  spells  top 
performance. 

From  the  large  power  stacks  to  the 
miniature  units  for  radio  and  tele¬ 
vision,  Seletron  uniformity  and  pre¬ 
cision  methods  of  manufacture  in¬ 
sures  user  satisfaction.  Efficient — 
dependable,  durable  under  the  sever¬ 
est  service  conditions. 

Furnished  in  a  wide  variety  of  volt¬ 
ages  and  currents  to  meet  the  indi- 


NINIATURE  SELETRON  RECTIFIERS 


vidual  requirements. 


SPECIFY  SELETRON 
MINIATURE  SELENIUM  RECTIFIERS 
FOR  RADIO  AND  TELEVISION  APPLICATIONS 

The  complete  family  of  miniature  Seletron  Rectifiers  is  de¬ 
signed  for  use  on  a  nominal  115  A-C  line,  to  provide  direct 
current  for  radio,  television  sets,  amplifiers,  and  other  low 
power  applications.  Instant  starting,  small  size,  long  life  and 
simplicity  of  instollation  are  a  few  of  many  features  of  the 
Seletron  Family. 


CODE  NUMBER  5L1 
Current  Rating  75  ma. 
Plate  Height  1" 

Plate  Width  W' 


5R1  5Q1 

200  ma  250  ma. 
IVi"  1W‘ 
1'/4"  IVi" 


Write  today  tor  catalog.  Addrost  Dept.  ES-12 


\UIO 


RECEPTOR  COillPAiVY 


Since  1922  in  ffodio  and  ciecPromcs 
251  WIST  19TH  STREET,  NEW  YORK  11.  N.  Y 


The  football  star  who  eludes  the 
players  of  the  rival  team  and  sends 
the  pigskin  hurtling  down  the  field  to 
a  goal  has  "the  extra  something  that 
spells  top  performance." 
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To  insulate  magnet  wire  so  that  it  will  give  long,  depend¬ 
able,  satisfaaory  service,  all  you  have  to  do  is  to  purchase 
the  finest  silks,  cottons,  nylons,  glass  and  celanese^.  Wrap 
these  insulations  in  precise  layers  around  a  metal  core 
drawn  to  tolerances  of  specified  exactness  and  you  have  a 
'  really  high  grade  magnet  wire. 

At  Wheeler  Insulated  Wire  Company,  in  Bridgeport,  we’ve 
been  doing  this  since  1905.  Users  of  Wheeler  Insulated 
Wire  produas  have  come  to  recognize  our  magnet  wire  as 
being  of  good  basic  design  and  engineering,  made  by 
'  skilled  workmen  and  subjea  to  rigid  inspeaion.  They 
know  these  qualities  are  to  be  found  in  every  pound  of 
magnet  wire  they  purchase  from  us. 

The  Wheeler  Insulated  Wire  Company  can  place  at  your 
disposal  a  staff  of  experienced  wire  engineers.  Let  us  help 
you  with  your  wire  problems.  There’s  no  obligation  for 
this  service.  Write  today  for  complete  information. 


THE  WHEELER  INSULATED  WIRE  C0„  iNC. 


WNEEIEI 


OEPENOABIUTT 


DIVISION  OF  THE  SPERRY  CORPORATION 


101*2  WASHINGTON  AVENUE 
BRIDGEPORT  4,  CONNECTICUT 


MAGie  WIRE  •BALLASTS  •COILS  •COMMUNICATIONS EQUIPMENT 


width  is  calibrated  linearly  in  equal 
20,  40,  60  or  80-db  divisions.  The 
recorder  is  separately  usable  as  a 
sound,  power,  or  voltage  level 
recorder. 

Anti-Feedback  Amplifier 

David  Bogen  Co.,  Inc.,  663  Broad¬ 
way,  New  York  City.  The  HX50 
amplifier  incorporates  the  new  anti¬ 
feedback  control,  making  micro¬ 
phone  placement  less  critical.  A 
dual  tone  corrector  controls  bass 
and.  treble  ranges.  Bass  control  is 


from  —20  to  -f 20  db  at  60  cycles.  • 
Treble  control  of  -f  20  to  —20  db  at 
10,000  cycles  is  also  provided.  The 
unit  has  three  microphone  channels 
and  one  phone  input. 

Grciger  Counter 

Nuclear  Instrument  &  Chemical 
CoRP.  (formerly  Instrument  Devel¬ 
opment  Labs.,  Inc.)  223  West  Erie 
St.,  Chicago  10,  Ill.  Model  D-46 
Q-gas  Geiger  counter  uses  a  formu¬ 
lated  gas  for  detection  of  soft  ioniz¬ 


ing  radiation  like  that  from  C**  or 
S*.  Anode  potential  used  is  1,450 
volts.  The  pulse  output  will  oper¬ 
ate  a  scaling  unit  with  an  input 
sensitivity  of  0.25  volt. 

Voltage  Regulators 

Sorensen  &  Co.,  Inc.,  375  Fairfield 
Ave.,  Stamford,  Conn.  The  new 
type  5  and  10-kva  voltage  regula¬ 
tors  are  available  in  either  115  or 
230-volt  models.  Regulation  ac- 
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TO  SERVICE  PRESENT  AND 
FUTURE  T-V  SETS 

THE  MEGA-LINE  OF  INSTRUMENTS 
COVERS  ALL  CHANNELS 

Think  that  statement  over  before  you  spend  even  a  few 
dollars  for  any  sweeping  oscillator  .  .  . 

With  any  Mega-Sweep  you  con  cover  any  proposed  fre¬ 
quency  .  .  .  When  any  future  channel,  even  above  500 
megacycles,  is  added  you  will  not  have  to  fuss  around  with 
special  adjustments  or  added  equipment  ...  or  buy  new 
e^pment  .  .  .  The  MEGA-SWE^  covers  it  with  ease  and 
accuracy  ... 


The  News  of  Radio 


THE  MEGA-SWEEP 


^  M  Wid*  Raaq*  Swapping  Occillator  .  .  .  DISPLAYS  PASS  BAND 

\  y  .  .  .  F*atur«t:  Fr*qu*ncT  Range— 50  kilocrclee  to  500  mega- 

cycle*  and  up  to  1000  me  .  .  .  Frequency  Sweep  Adiuitoble 
from  30  megacycle*  to  30  kilocycle*  throughout  tL*  complete  epectrum  .  .  . 
Continuouely  variable  attenuator  .  .  .  Low  amplitude  Modulation  while 
eweeping — lees  than  O.I  DB  per  megacycle  .  .  .  Precieion  wavemeter.  High 
and  Low  level  output.  Sweep  voltage  output  ior  driving  oecilloscope. 

Price  $395X0  i.  o.  b.  factory 


THE  MEGA-MARKER  SR 


I  )  V _ J  For  Rapid  and  Accurate  Alignment  of  Televieion  Receiver*. 

The  MEGA-MARKER  SR,  provide*  a  precUe  *ourc*  of  frequencies 

\ _ ^  (accurocy  Xl%)  on*  at  the  sound  carrier  in  each  of  the  twelve 

television  channel*. 

MEGA-MARKER  SR.  con  also  be  used  alone  ior  the  alignment  of  the  local 
oscillator  ior  oil  twelve  channels. 

The  single-dial  control  gives  a  rapid  and  efficient  meons  of  frequency 
selection. 

The  MEGA-MARKER  SR.  iacilitote*  the  alignment  of  the  r.  f.  chonnels  in  the 
some  manner  that  the  MEGA-PIPPER  and  MEGA-MARKER  facilitate  the  1.  f. 
alignment. 

MISC.  117  volt  60  cycle  Size  8  x  16  x  8  Weight  15  pounds 
Price  $195.00  1.  o.  b.  factory 


/  1^  \  THE  MEGA-MARKER 

'^—j  Precision  variable  marker  oscillotor  having  a  rang*  of  either 
\  /  19  to  29  or  29  to  39  megacycles  ior  the  television  i.  f.  band. 

Crystal  oscillator  ior  the  alignment  of  intercarrier  i.  i.  and 
discriminator  (4.5  me). 

A  large  eosily  read  dial  provides  over  12  inches  of  calibroted  scale  length. 
Thus  it  may  be  read  to  cwcurocies  of  0.02  megacycles. 

Included  in  the  MEGA-MARKER  is  a  crystal  oscillator  which  provides  accu¬ 
rate  check  points. 

The  MEGA-MARKER  is  a  valuable  accessory  ior  television  applications  of 
the  MEGA^WEEP  and  MEGA-MATCIH. 

Tor  g  high  order  of  stability  the  regulated  power  supply  of  the  MEGA¬ 
SWEEP  or  the  MEGA-MATCH  is  used. 

Weight  5  lbs.  site  7  x  10  x  6 
Price  $60.00  i.  o.  b.  factory 


THE  MEGA-PIPPER 


The  MEGA-PIPPER  is  a  new  production  ond  service  alignment 
By  the  us*  of  this  unit  in  coniunction  with  the 


\  7  instrument.  .  _  _  _  „ 

y  MEGA-SWEEP  or  MEGA-MATCH  it  is  possible  to  quickly  and 

- ^  accurately  align  television  i.  f.  amplifiers. 

The  MEGA-PIPPER  gives  four  precise  crystal  positioned  pips.  These  pips 
establish  the  picture  and  sound  i.  1.  carrier  points,  ond  also  the  adjacent 
chonnel  carrier  points.  Thus  the  MEGA-PIPPER  is  an  instrument  which  will 
sov*  many  hours  of  time  spent  in  alignment. 

Inosmuch  as  the  pip*  or*  fed  directly  into  an  oscilloscope,  the  pips  or* 
visible  at  all  times,  even  in  the  traps  where  the  highest  precision  is  desired. 
Self  containstd  power  supply. 

Weight  15  lbs.  Sis*  6  x  16  x  $ 

Price  $150  1.  o.  b.  factory 


WRITE  FOR  FULL  SPECIFICATIONS 

KAY  ELECTRIC  CO.,  25  MAPLE  AVENUE,  PINE  BROOK,  N.  J 


Also  Manufacturers  of  the  Megalyzer,  Mega-Match  and  Mega-Pulser, 
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curacy  is  0.5  percent.  Line  fre¬ 
quency  changes  between  50  and  60 
cycles  do  not  affect  output  voltage 
or  performance  of  either  regulator. 
For  further  information  ask  for 
catalog  S-348. 


when  a  cast  is  executed.  These  gears  must 
withstand  the  strain  of  hauling  in  a  fighting  fish  of 
unpredictable  size  and  strength,  thus  rendering  a  dual 
purpose:  speed  and  velvety  smoothness  in  one 
direction —strength  and  durability  in  the  other. 

Instruments  and  machines  have  individual  gear 
problems.  For  over  a  quarter  of  a  century.  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of 
every  description  up  to  60"  in  diameter 
for  manufacturers  in  many  diversified  industries. 

Aircraft  controls,  dental  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  are  but  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the 
heartbeat  of  Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service.  * 

YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 


naker  City  Gear  Works 

INCORPOR  ATED  . 

1910  N.  Front^Stre^t,  Philadolphio.  22, 


Loudspeaker  Unit 

Tarrytown  Metalcraft  Corp.,  82 
Chestnut  St.,  Tarrytown,  N.  Y.  The 
Han-D-Vox  speaker  unit  is  avail¬ 
able  in  both  indoor  and  outdoor 
models  for  theatre  installations. 
Enclosed  in  a  cast-aluminum  case. 


it  contains  a  4-inch  permanent- 
magnet  speaker  and  a  constant-im¬ 
pedance  sound  control  or  L-pad 
whereby  line  impedance  is  matched 
and  maintained. 

Code  Machine 

Ultradyne  Electronics,  Oswego, 
Oregon.  Designed  for  radio  tele¬ 
graph  instruction,  the  radio  code 
machine  RCM-1  sends  at  speeds  be¬ 
tween  4  and  80  words  per  minute. 
The  many  available  types  of  tape 
serve  particular  functions  of  in¬ 
struction,  and  although  the  overall 
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isntUls  con»»totog  both 
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a^attc  bawn  control  on 
b«tor  o!  rignal  wnpWi 
cUl.,»ph  -Uk 
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l.n  .WP.: 

Thta  to  • 
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For  wider  frequency  range ••  .top  writing  rates ••• 
increased  brightness. ••  it’s 

DUMONT  .  / 


riting  rates •••  y 

(he/fhfMfHY 


^  The  basis  is  Ihe  Type  5RP-A  Cath¬ 
ode-ray  Tube  operating  at  an  acceler¬ 
ating  potential  up  to  29,000  volts  maxi- 
nium.  This  achieves:  (1)  Greatly 
increased  brightness;  (2)  Observation 
or  recording  of  traces  hitherto  invisible; 
(3)  Vasily  increased  writing  rales  even 
better  than  400  inches  per  microsecond; 


(4)  Optical  magnification  by  projection 
lenses  such  as  Du  Mont  Type  2542.  Al¬ 
though  deflection  sensitivities  are 
slightly  less  than  those  of  low-voltage 
cathode-ray  tubes.  high-yOltage  oscil¬ 
lographs  produce  smaller  spot  size  and 
higher  brightness,  thereby  presenting 
a  finer,  belter  resolved  trace. 

And  here's  the  Du  Mont  selection  of 
high-voltage  oscillographs: 


WRITING  RATES  TO 
ABOVE  400  IN./MSEC. 


*  4oiu  witbia  Ih.  raHnn  '••ponim  Umlta- 

^'tp.  ase-A).  PholognSSrit^  «  D«  Mont 

needs  <^ogr«phic 

cslsratiag  poteatlaJ  as  hlaiT^*!!******’  •*' 

with  tb.  Typos  aoiJk^'®?® 

combiaslion.  "«*  J86-A  la 


7ype  280:  A  precision  lime-meas- 
urtag  osciUograph  with  range  oi  10 
cps  to  10  me.  Sweep  speeds  as  high 
as  0.25  microsecond/in.  are  avall- 
able.  Duration  ol  any  portion  of 
signal  measured  on  0.25  micro- 
second/ln.  sweep  to  an  accrwacy 
of  ±0.01  microsecond.  Intervals 
greater  than  5  microseconds  read 
on  calibrated  dial  I©  accuracy  oi 
±0.1  microsecond.  Heady  applica¬ 
tion  to  precise  measurement  ol  du¬ 
ration  ol  wavelorm  ol  various  com¬ 
ponents  in  the  composUe  television 
siguiaL  Accel  atlng  potential  ad- 
lustable  Irom  7.000  to  12.000  volts. 
Recordable  writing  rales  up  to  63 
inches  per  microsecond,  with  com¬ 
mercially  available  equlpmeiU. 


^yp*  248-4;  Fr.«, 

Sp.cilicaUy  *0  cps 

‘■inlag  hlgh-fr,<^„  ®'  ^••“ST-Hoa  of  p„i 
*'“sl.nt  nature.  ror^hlT  “*“** 
-pessary  cbaraC.rt.,^.  S*r  “ 

»«‘ely  69  Inches  per  mlcrose^ 


O  AULKN  B.  DU  MONT  UkaORATORICS.  INC. 


^  LITiRATURe  ON  REQUEST 
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NEW  PRODUCTS 


(continutd) 


WG-274  is  an  aid  to  a-m,  f-m  and 
television  servicing.  Extra  storage 
compartment  at  right  provides 
space  for  test  leads,  adaptors, 
probes  and  other  accessories.  List 
price  is  $16.95. 

Wiring  Connector 

Ark-Les  Switch  Corp.,  55  Water 
St.,  Watertown  72,  Mass.,  has  de¬ 
veloped  a  new  disconnect  terminal 
designed  to  speed  the  wiring  of 
electrical  equipment.  A  flat  blade 
staked  to  the  connecting  wire  snaps 


into  a  rigid  receptacle  in  which  it 
is  retained  by  spring  pressure.  The 
unit  features  low  contact  resist¬ 
ance.  The  terminal  assembly  illus¬ 
trated  lists  at  a  rating  of  20 
amperes,  125-250  volts  a-c. 

Electric  Motor 

Mission  Electric  Meg.  Co.,  132 
West  Colorado  Blvd.,  Pasadena, 
Calif.  The  new  electric  motor  with 
0.005-horsepower  rating  has  an 


An  Important  Statement 
by 

MYCALEX 

CORPORATION  OF  AMERICA 

As  illustrated  on  the  opposite  page, 

PHILCO  uses  Mycalex  410  (glass 
bonded  mica)  molded  parts  in  its  tele¬ 
vision  receiver  tuner  —  to  avoid  fre¬ 
quency  drift  of. tuned  circuits. 

Your  attention  is  also  called  to  the 
Mycalex  410  advertisement  which 
appeared  on  pages  54  and  55  o(  the 
October  1948  issue  of  Electronics. 

Constant  research,  improved  technics, 

,  advances  in  the  art,  new,  modern  plant 
expansion,  improved  engineering,  more 
efficient  manufacturing  equipment- 
now  permit  us  to  make  available  in 
increased  quantities— Mycalex  410— 
molded— at  prices  comparable  to  other 
less  efficient  molded  insulations. 

MYCALEX  410  is  now  priced 
to  meet  rigid  economy  requirements 


Any  interest  evidenced  on  your  part 
in  Mycalex  products  and  services— will 
receive  the  prompt,  courteous  and 
intelligent  attention  of  a  competent 
Mycalex  sales  engineer.  He  will  receive 
the  fullest  backing  and  cooperation  from 
other  factory  executives  —  to  serve  you 
promptly  —  with  a  quality 
product  and  at  an  econom¬ 
ical  and  fair  price. 


i  pm  rating  of  5,000  to  20,000  under 
load  and  10,000  to  40,000  free  speed. 
The  unit  weighs  less  than  11  ounces. 


Photocounler 


Potter  Instrument  Co.,  Inc.,  136- 
56  Roosevelt  Ave.,  Flushing,  N.  Y. 
Model  310  photoelectric  counter 
can  be  used  at  rates  up  to  6,000  per 
^  '^■'Tit  of  the  number 


(coaMnMtf) 


Components  which  are  contributing  an  es^ 
sential  service  in  the  progress  of  radiation 
instrumentation. 


10  mil -filament  subminiature  tubes 


cated  on  the  mechanical  register 
that  accommodates  up  to  seven 
digits.  The  complete  system  is 
priced  at  $185. 


Ultra>High>Speed  Relay 

Stevens-Arnou)  Inc.,  22  Elkins 
St.,  South  Boston  27,  Mass.  The 
Millisec  relay,  formerly  spdt,  is 
now  made  4  pole,  double  throw,  her¬ 
metically  sealed.  It  will  operate  as 


VX.41A  . 
Electrometer 


The  new  1B85  Thyrode  is  a  thin  rib  re-enforced 
aluminum  self-quenched,  beta-gamma  counter  tube 
operating  at  900  volts.  Wall  thinness  30  mg/sq.  cm. 


fast  as  h  millisecond  and  has  a  life 
expectancy  of  22  to  100  million 
operations.  Contact  rating  is  110 
volts  d-c,  0.5  ampere. 


RMA  TYPE  1B67  has  been  assigned  to 
the  standard  laboratory  mica  window 
self-quenched,  beta  thyrode  which  oper¬ 
ates  at  1200  volts.  Window  thickness 
2.0  to  2.6  mg/sq.  cm.  Other  thicknesses 
on  request. 


Dimmers 


1B67/VG.10A 


Superior  Electric  Co.,  Bristol, 
Conn.  Switchboard  dimmers  for 
use  in  theaters  and  television 
studios  are  available  in  the  form 
of  continuously  variable  autotrans¬ 
formers.  Two  types  are  provided 


The  new  1B87  sub-miniature  Thyrode 
is  designed  to  operate  at  900  volts  with 
a  plateau  greater  than  100  volts  and  a 
nominal  background  counting  rate  of 
12  counts  per  minute. 


Hi-Meg  resistors 


Hi-meg  resistors  vacuum  sealed,  from 
10^  ohms  to  101)  ohms  measured  to 
within  1%  accuracy  are  a  symbol  of  re¬ 
liability  in  all  ion  chamber  radiation 
measuring  instrument  and  electrometer 
circuits. 


CLEVELAND  3,  OHIO 


5806  HOUGH  AVENUE 
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FOUND  f  A  WAY  TO  CUT  PRODUCTION 
COSTS  25%  AND  STILL  IMPROVE  QUALITY 


NEW  PRODUCTS  (continMd) 

with  output  range  from  0  to  1,700 
watts  and ,  also  0  to  4,600  watts. 
Group  control  is  conventionally 
arranged  with  coupling  to  a  com¬ 
mon  shaft. 


Echo  Depth  Sounder 

Kaar  Engineering  Co.,  Middleheld 
Road,  Palo  Alto,  Calif.  The  ES-29 
electronic  echo  depth  sounder  has 


SOLDER  SPECIALISTS 
FOR  OVER  58  YEARS 


Three  cores  for  the  price  of  one !  Speedier  action ! 
More  operations  per  pound  of  solder !  Test  after 
test  in  radio  plants  has  proved  that  Alpha  Tri- 
Core  is  more  efficient  and  more  economical  than 
conventional  solders.  Our  engineers  will  be  glad 
to  demonstrate  these  dollar-saving  features  in 
your  plant.  There  is  no  obligation ;  just  call  on  us. 


an  indicator  scale  calibrated  to  100 
fathoms  plus,  and  a  power  drain  of 
about  30  watts.  It  is  available  for 
input  voltages  of  6,  12,  32  and  110 
volts  d-c.  The  unit  uses  an  ultra¬ 
sonic  transducer  of  the  inboard 
crystal  type  which  both  transmits 
and  receives  ultrasonic  waves. 


Voltage  Stabilizer 

Raytheon  Mfg.  Co.,  Waltham, 
Mass.  The  VR-6000  miniature  5- 
watt  stabilizer  operates  at  an  input 


CHECK  THESE  FEATURES  >4,  ,  / 

Alpha  TRI-CORE  ROSIN-FILLED^bl^ 


A  99.9%  purs,  water- whit*  rosin  used  exclusively! 

*  Non-activated!  No  rejects  due  to  corrosion! 

*  Adapted  to  your  production  needs:  an  American 
solder  designed  for  American  production;  manu¬ 
factured  and  stored  her*  ready  for  delivery! 

A  No  toxic,  obnoxious  fumes! 

A  25%  more  joints  per  hour  per  pound  of  solder! 

*  Cut  your  solder  cost  with  Tri-Core's  —  5  fpr.lSI!! 
less  tin  and  still  get  better  results  than 

with  other  solders  using  more  tin. 


*  Tri-Core  available  in  diameters  as  large  as  - 
Vi",  and  heavier— down  to  .020"  and  finer. 


voltage  of  95  to  130  volts  a-c,  60 
cycles,  single  phase.  Output  is  120 
volts  stabilized  to  ±0.5  percent. 


other  ALPHA  PRODUCTS  include: 
TRI  CORE*ENERGI2k;D*ROSIN-FtLLEO  SOLDER; 
TRI-CORE  *'LEAK-I»RUF”  ACID  FILLED  SOLDER. 
SOLID  SOLDER  WIRE;  PREFORMS  frosin  and 
acid  fmed);  SAR  SOLDER.  ANODES  AND  FOIL. 


Transformer  Assembly 

Spellman  Television  Co.,  Inc., 
130  W.  24th  St.,  New  York  11,  N.  Y., 
has  developed  a  high-voltage  coroija 
shielded,  tuned  transformer  assem¬ 
bly  which  includes  an  octal  socket 


ALPHA  METALS,  INC.,  371  HUDSON  AVENUE,  BROOKLYN  1,  NEW  YORK 
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QUANTITATIVE  MEASUREMENTS 
ON  HIGH  IMPEDANCE  CIRCUITS 


lor  BETTER 

VIDEO 

REPRODUCTION 


KEITHLEY  INSTRUMENTS 


MODEL  102 


AN  INSTRUMENT  AMPLIFIER  WITH 
200  MEGS.— 6.0  MMF  INPUT  IMPEDANCE 


Th*  Phantom  Repeoter  bridges  voltmeters  ing  instruments  were  c 

and  cathode  ray  oscilloscopes  which  hove  |„p„t  impedance:  200  mi 

inputs  of  I  megohm  and  30  mmf,  onto  g,  <  nu»nut  imiviii 

signal  circuits  of  50,000  ohms  and  higher  KoIm  nf  i  on*  in  n 

—such  as  a  pentode  amplifier  stage  with  "" 

its  high  resistance  plate  load — without  the  ,  *  V**  ■  ' 

loss  of  voltage  and  high  frequency  2%-  Bockground  noise 

response  which  would  result  if  the  measur-  to  70  microvolts  at  the  I 

Descriptive  Bulletin  Sent  Upon  Request 


7960  LORAIN  AVENUE 


CLEVELAND  2,  OHIO 


Over  20  years  of  fabrieaHng  experience 


Acme  Electric  engineers  will  co¬ 
operate  with  your  engineering 
department  by  providing  spe¬ 
cially  designed  transformers  for 
power  supply  and  other  appli¬ 
cations  in  an  effort  to  improve  the 
reception  and  reproduction  qual¬ 
ities  of  your  sets. 

Acme  Electric  can  produce 
transformers  of  special  character¬ 
istics  from  standard  parts  which 
means  that  our  enormous  manu¬ 
facturing  facilities  and  quality 
controlled  production  results  in 
buying  economies  for  you. 

Send  us  specifications  and  ap¬ 
plication  outline. 


ACME  ELECTRIC  CORP* 

3112  WATER  ST.  CUBA,  N.  Y. 


Mail  Us  Your  Prints  or  Samples  for  Quotations 


ELECTRICAL  INSULATION  CO..  INC. 

12  VESTRY  ST.,  NEW  YORK.I3,  N.  T 
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NiW  PRODUCTS 


(continiMd) 


for  use  with  1B3-8016  type  tube. 
Adjustable  filament  voltage  allows 
the  tube  to  be  used  for  voltages 
from  1  kv  to  20  kv.  The  unit  is 
designed  to  operate  in  conjunction 
with  r-f  step-up  coils  of  approxi¬ 
mately  200-kc  frequency. 


A  horn  or  speaker  of  conventional  type 
may  resemble  a  Rocon  horn  or  speaker 
in  outward  appearance.  But  close  ex¬ 
amination  of  0  Rocon  unit  reveals 
internal  differences — refinement  of  de¬ 
sign,  better  mechanical  construction, 
sturdier  materials  and  other  special 
features  that  represent  ADVANCED 
ENGINEERING.  It  is  these  exclusive 
features  that  give  you  superior  per¬ 
formance  in  any  Racon  unit.  Higher 
efficiency  over  wider  ranges.  Freedom 
from  distortion.  Uninterrupted  service. 
The  long  life  that  protects  your  in¬ 
vestment. 

1  — RACON-RE-ENTRANT  TRUMPET  RE- 
35.  Designed  to  deliver  highly  concentrated 
sound  over  long  distances.  Air  column 
Inside  tone  arm  aluminum  castings;  bell,  heovy 
aluminum  spinnings;  center  reflecting  section, 
RACON  PATENTED  ACOUSTIC  MATERI¬ 
AL  to  prevent  resonont 
effects.  Ruggedly  built. 
Length  16",  bell  diom. 

^  ^  18".  Swivel  ratchet  or 

U  bracket 
mounting. 


Voltage  Stabilizer 

Raytheon  Manufacturing  Co  . 
Waltham,  Mass.  A  new  model  in 
the  VR-6000  line  of  voltage  stabil¬ 
izers  is  hermetically  sealed  and  oil- 
filled.  Power  rating  is  15  watts. 


2—  RACON  RE-ENTRANT  RADIAL 
TRUMPET  SR-35R.  Has  oil  of  the  con 
struction  features  of  RE-35  such  os  non- 
vibratory  center  section,  heavy  aluminum 
castings,  etc.  All  reflecting  surfaces  of 
RACON  PATENTED  ACOUSTIC  MA¬ 
TERIAL  to  prevent  resonant  effects  prev¬ 
alent  in  all  large  reflecting  surfoces. 
Delivers  sound  with  even  intensity  over 
a  360*  circumference.  Length  16";  width 
17".  Type  SR-60R  length  3414";  width  36". 

3—  PERMANENT  MAGNET  HORN 
UNITS.  Highly  popular  in  all  types  of 
service.  Many  improvements.  Two  groups 
with  Alnico  V  Magnets  and  Alnico  Blue 
Dot  Magnets.  Steel  parts  plated  to  prevent 
corrosion.  Also  fitted  with  corrosion  proof 
metal  o*  plastic  diaphragms.  Voice  coil 
impedance  on  all  units:  15  ohms.  Special 
ohmoges  on  request. 


The  unit  provides  115  volts  stabil¬ 
ized  to  plus  or  minus  1  percent  for 
inputs  of  95  to  125  volts  in  the 
frequency  range  57  to  63  cycles. 


NOW  FURNISHED  WITH 
WATERPROOF  CASING 
All  units  may  now  be  had  with  heavy 
spun  aluminum  cases,  forming  a  hermet¬ 
ically  sealed,  watertight  housing  for 
outdoor  use,  at  slight  extra  cost. 

Write  for  Catalog  of 
complete  Racon  Une 

RACON  ELECTRIC  CO.,  INC. 

52  E.  19th  Street  New  York,  N.  Y. 


Oscillator  Improvement 

Kay  Electric  Co.,  Maple  Ave., 
Pine  Brook,  N.  J.,  has  added  tone 


SPe€9kers 
ftorpf  Oifits 
Homs 


\ 


Aan/^nAm/^Ary\i:^ 


ATTACHID  &  somniv 

In  ONE Antofnatic  Cpe^alion/ 


j  I 


Tha  graatMt  InnoTotion  In  attaching 

tarminola  to  wires  is  now  arailoblo  to  the  industry  .  .  .  "Pra-sol- 
dared"  TANDEM  TERMINALS!  Made  in  Tarious  sizes  and  types, 
these  remarkable,  production-proTed  terminois  (supplied  on  reels) 
can  be  applied  at  rates  up  to  1200  per  hour  by  a  new  Terminol 
Attaching  Machine  that  cuts  oU.  clinches  and  solders  terminals  in 
one  instantaneous  operation.  Handling  of  loose  terminois.  solder 
and  flux  are  eliminated  to  reduce  costs  and  boost  production  on  long 
'’uns.  Standard  types  OTailoble.  Send  for  detailed  information, 
enclose  sample  of  wire  and  terminal  now  used. 

For  ordittary  runs  in  moderate  quantity  we  continue  to  produce 

SEPARATE  TERMINALS  for  ELECTRIC  WIRES 

We  also  make  SMALL  METAL  STAMPINGS  Exact  to 
Customer's  Prints.  Modern  Plant  and  Equipment.  Mod¬ 
erate  'Die  Charges.  Precision  Work.  Prompt  Service. 


PATTON- MacGUYER  COMPANY] 

h7  Virginia  Avenue,  Providence.R.I. 


KENYON 


CERAMIC 

WIRE  WOUND 

RESISTORS 

by 

WILKOR 


Actual 
Six* 
Vs  Waft 


^  ENGINEERED 

/TO  CARRY  DOUBLE 


THEIR  WATTAGE  RATING 


C(ACtA  S€l^Ct€f,  , 


^riJVnU  one  of  the  oldest  names  in  irons- 
|\LIi  Tills  formers,  offers  high  quality  specifi¬ 
cation  transformers  custom-built  to  your  require¬ 
ments.  For  over  20  years  the  KENYON  “K"  has  been 
o  sign  .of  skillful  engineering,  progressive  design  and 
sound  construction. 

If  lUYIiM  serves  many  leading  compon- 
HLIi  I  Ull  ies  including;  Times  Facsimile  Cor¬ 
poration,  Western  Electric  Co.,  General  Electric  Co., 
Schulmerich  Electronics,  Sperry  Gyroscope  Co.^  ItK. 
Yes,  etectronification  of  modern  industrial  machinery 
and  methods  has  been  achieved  by  KENYON'S 
engineered,  efficient  and  conservatively  rated 
transformers. 

For  all  high  quality  sound  applications,  for  small 
transmitters,  braadcast  units,  radar  equipment,  ampli¬ 
fiers  and  power  supplies  —  Specify  KENYON! 
Inquire  today  for  information  about  our  JAN  ap¬ 
proved  transformers. 

Now  —  for  the  first  time  in  any  transformer  catalog, 
KENYON'S  new  modified  edition  tells  the  full  com¬ 
plete  story  about  specific  ratings  on  all  transformers. 
Our  standard  line  saves  you  time  and  expense.  Send 
for  the  latest  edition  of  our  catalog  now! 


KENYON  TRANSFORMER  CO.,  Inc. 


tjt 


•  WILKOR  WC-typ«  wir«- 
wound  resistors  are  fully 
ceramic  insulated  and  engi¬ 
neered  to  withstand  tremen¬ 
dous  overloads,  as  well  as 
either  high  or  low  tempera¬ 
tures.  In  use  by  manufacturers 
of  radio,  television  and  other 
electronic  instruments. 


/4tAdiitaS(€  in . 

Va  to  1 0  watt  sizes, 
1 -1C, 000  ohms. 

of.  .  , 


840  BARRY  STRUT 
NEW  YORK  59,N.Y. 


assure  you  greater  .  .  . 

DURABILITY 

ACCURACY 

STABILITY 

COMPACTNESS 

RELIABILITY 


Write  for  specification  sheet. 
Samples  available  for  quantity  users. 


WILKOR  PRODUCTS,  iNC. 

3835  WEST  150TH  STREET 
CLEVELAND  11,  OHIO 

• 

Manufacturers  of 

resistors 
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new  products  (continued)  ] 

modulation  to  the  Mega-Marker  Sr. 
oscillator  for  television  testing. 
The  modulation  may  be  switched  on 
or  off.  By  its  use,  the  local  oscil¬ 
lator  may  be  aligned  by  using  only 
the  Mega-Marker  Sr.  and  the  tele-, 
vision  sound  channel  and  loud¬ 
speaker.  ' 


AN  ENTIRELY  NEW 


AUTOMATIC  DEHYDRATOR 


Single-Bearing  Motor 

Electro-Engineering  Products 
Co.,  Inc.,  4824  W.  Kinzie  St., 
Chicago  44,  Ill.,  has  developed  a 
.single  bearing  motor  to  provide 
accurate  lineup  in  air  gap.  It  is 


of  the  four-pole  type  with  a  no-load 
speed  of  1700  rpm  and  a  full-load 
speed  of  1550  rpm.  The  unit  is  de¬ 
signed  for  such  applications  as  wire 
recorders,  turntables  and  fans. 

Fuse  Protection 

The  Cleveland  Container  Co.. 
6201  Barberton  Ave.,  Cleveland  2, 
Ohio.  The  Cosmalite  enclosing  tube 
for  the  indicating  secondary  fuse 


j^ndtew 


For  pressurizing 
coaxial  systems 
with  dry  air 


WRITE  FOR 
BULLETIN 


Now,  for  the  first  time,  here  is  an  automatic  dehydrator  that  operates  at  line  pressure! 
This  means,  (1)  longer  life,  and  (2)  less  maintenance  and  replacement  cost  than  any 
other  automatic  dehydrator. 

Longer  life  because  the  compressor  diaphragm  operates  at  only  1/3  the  pressure  used 
in  comparable  units,  vastly  increasing  the  life  of  this  vulnerable  key  part. 

Reduced  maintenance  and  replacement  costs  because  new  low  pressure  design  elimi¬ 
nates  many  components. 

Operation  is  completely  automatic.  Dehydrator  delivers  dry  air  to  line  when  pressure 
drops  to  10  PSl  and  stops  when  pressure  reaches  15  PSI.  After  a  total  of  4  hours’  running 
time  on  intermittent  operation,  the  dry  air  supply  is  turned  off  and  reactivation  begins, 
continuing  for  2  consecutive  hours.  Absorbed  moisture  is  driven  off  as  steam.  Indicators 
show  at  a  glance  which  operation  the  dehydrator  is  currently  performing. 

Output  is  IV4  cubic  feet  per  minute,  enough  to  serve  700  feet  of  fi'/s'  line;  2500  feet 
of  3’/$*  line;  10,000  feet  of  iVs"  line  or  40,000  feet  of  Vt"  line.  Installation  is  simple, 
requiring  only  a  few  moments. 

Important!  Not  only  it  this  new  differently  designed  Andrew  Automatic  Dehydrator 
completely  reliable,  but  it  is  available  at  a  surprisingly  low  price. 


illustrated  protects  the  fuse  chant-  * 
ber,  fuse  link,  and  all  operating  | 
parts.  1 

Binary  Scaler  j 

General  Electric  Co.,  Syracuse, 
N.  Y.  Model  4SN1A1  binary  scaler, 
designed  for  use  in  nucleonic  and 
computer  applications,  counts  elec¬ 
trical  impulses  at  speeds  up  to  200 
kc  in  either  binary  or  decade  oper¬ 
ation.  A  5  to  20-volt  negative  in¬ 
put  pulse  of  1  microsecond  dura- 


CORPORATION 

363  E  75th  STREET,  CHICAGO  19 
Eastern  Office: 

421  Seventh  Avenue,  Nevr  York  City 


ANDREW  CORPORATION,  3«3  E.  7Stl«  St..  Chicago  1* 
float#  tend  m#  Bullotin  85  dotcribing  th#  now  Typo  1900 
Androw  Automatic  Dohydrator. 


rnNSMISSION  lines  for  in.  FM. 

IT  OIIECTIONIl  INTENNl  EIIIP 
RENT  tNIENNt  TININt  UNITS.  TOWEI 
IKHIINt  EQklFMENT  CONSDlTINt 
ENtINEERINt  SERVICE 
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_ ^OUP _ 

A.  ContiiwoMS  ftacorrfjflg. 


FUNCTION _ 

for  recording  oscillograph  traces 
on  35  mm.  or  70  mm  film, 
for  uso  whore  phenomena  are 
constant. 

Provides  the  functions  of  Groups 
A  or  B  as  desired, 
for  high-speed  drum  recording  of 


C.  Combiaed  Continuous 
and  Single  Shot. 

D.  Drum. 


avi  Kw 

VACUUM  TUBE 

BOMBARDER 

or 

INDUaiON 

HEATING  UNIT 


D9c»mb*r,  1941 ELECTRONICS 


Only  $975 


Division  of 

“S”  CORRUGATED  QUENCHED  GAP  CO. 

105-119  Monroe  St.,  Garfield,  N.  J. 


•  rt 


inlllllt 


Never  before  a  value  like  this  3\^  KW  bom- 
border  or  high  frequency  induction  heater  .  .  . 
for  saving  time  and  money  in  surface  harden¬ 
ing,  brazing,  soldering,  annealing  ond  many 
other  heat  treating  operations.  Is 

Portable  .  .  .  mounted  on  four  rubber 
coasters.  Width  M'/i";  depth  27"; 
height  4214";  weight  300#. 

Operates  from  220  volt  line.  Complete  with 
foot  switch  and  one  heating  coil  made  to  cus¬ 
tomer's  requirements.  Send  samples  of  work 
wanted.  We  will  advise  time  cycle  required 
for  your  particular  job.  Cost,  complete,  only 
$975.  Immediate  delivery. 

Scientific  Electric  Electronic  Heaters  are  made 
in  the  following  ranges  of  power:  1-2-3-5-714- 
10-12V4-15-18-25-40-60-80-100-250  KW 


SEND  BLUEPRINTS 
AND  SPECIHCATIONS- 
ND  DBUGATIDN! 


Check  BAER  FIBRE  for  ac¬ 
curate  dimensioning, uniform 
surface,  mechairical  and  elec¬ 
trical  qualities,  and  low  cost 
per  piece.  See  how  efficient¬ 
ly  a  BAER  FIBRE  terminal 
board,  bushing,  gasket, 
washer  or  other  shape  can 
Kp  simultaneously  solve  your 
electrical  or  mechanical  prob- 
lem...improve  your  product ... 
and  save  you  money!  BAER 
FIBRE  isprecisionfabricated 
to  your  specifications. 

UTERATURE  ON  REQUEST 

N.  S.  BAER 
COMPANY 

MONTGOMERY  ST.,  HILLSIDE,  N.  J. 


niUF 


The  first  Avimo  Oscillo^aph  Recorder  was  a  specially  built  Camera  designed 
to  provide  Records  of  Cathode  Ray  Traces  to  a  scale  which  permitted  accurate 
measurement,  side  by  side  on  continuous  film,  so  that  precise  relationships  could 
be  determined. 

Success  in  this  specialised  field  led  to  demands  for  Cameras  to  record  other  kinds 
of  transient  events,  so  that  within  the  Avimo  range  listed  below  there  are,  to-day. 
Instruments  to  meet  nearly  any  requirement  of  the  Research  or  Laboratory 
worker. 

The  wide  experience  gained  in  the  course  of  this  development  is  at  your  disposal 
and  Avimo  engineers  will  be  glad  to  submit  suggestions  if  you  will  state  your 
problem.— 

There  is  no  reasonable 
limit  to  the  film  speeds 
which  may  be  provided  and 
recorders  of  Groups  A,  B, 

C  &  D  may  be  used  in 
conjunction  with  any  stand¬ 
ard  oscillograph. 


TRANSIENT 

EVENTS 


ARRESTED 


high-frequency  phenomena  on 
35mm.  film. 


E.  Multl-Chormef  Itneord 
•rs. 


With  built-in  Cathode  Pay  Tubes 
for  continuous  recording  of  up 
to  IS  traces. 

Provides  a  pictorial  record  of 
several  variants  over  a  period 
of  time. 


F.  Instrumentation  Cine. 


I 
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mar  s«*®*5S 

iDUBMinn  *** 


tion  and  0.1  minimum  rise  time  will 
produce  an  output  pulse  of  50  volts, 
peak  to  peak.  Resolution  time  is  5 
microseconds  and  output  impedance 
is  27,000  ohms. 


Tube  Te§ter 

HiCKOK  Electrical  Instrument 
Co.,  10527  Dupont  Ave.,  Cleveland 
8,  Ohio.  Model  533  DM  display 


t»ANSFORMERS 


reactors 


lE  TEST  C 
I  UNITS 

^^OKETiC 

•STATIC 


A  AIEE  SURO 
VOIT.  50/60  VOITAGI 

^  A  efficient 

INTERNAI  CON- 
SUFFORTEO  CORE  5HIEIDING 

^UNIFORM  STREANUNEO 
APFEARANCE 

^  STURDT  STEEl  CASES 

Here  is  one  of  the  finest  and  most  complete 
lines  of  standard  transmitter  components  avail¬ 
able  today.  Built  to  the  same  well-known  high 
standards  as  N*Y*T  custom-built  units,  they 
bring  to  the  design  engineer  the  full  economy 
of  standardized  constructioa  Superbly  con¬ 
structed,  inside  and  out,  each  unit  fully  reflects 
the  years  of  experience  that  have  made  the 
name  NEW  YORK  TRANSFORMER  synon¬ 
ymous  with  quality,  integrity  and  dependabil¬ 
ity  wherever  inductiv^  components  are  used. 


)N 

handiing 


tube  tester  is  a  dynamic  mutual 
conductance  type.  Flexibility  is 
provided  by  a  system  of  selector 
switches. 


Small  Blower 

Globe  Industries,  Inc.,  125  Sun¬ 
rise  Place,  Dayton  7,  Ohio.  The 
MB-1  blower  unit  comprises  a 
0.01-hp  aircraft-type  d-c  motor 
with  centrifugal  impeller.  At  rated 
voltage,  the  unit  will  produce  20 
cubic  feet  per  minute.  The  unit 
operates  at  11,000  rpm  with  an  in- 


wRium 

Foitm 

CATAL^ 
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SLICE 

Rising  Time  Costs 
with 

Solder  Pre-Forms 


Specialties 


254  Huntingdon  Street 
PHILADELPHIA  33,  PENN. 


Eliminate  time-consuming  manual  solder  oper¬ 
ations  in  your  assembly  processes.  Pre-formed  rings, 
washers,  discs,  pellets,  squares,  etc.,  complete  with 
flux,  save  time,' trim  labor  costs,  insure  cleaner,  more 
uniform,  sturdier  bonds.  We  meet  your  specifications 
in  the  widest  variety  of  solder  alloys.  Consult  with  us 
on  any  solder  or  brazing  problem. 

(Literature  on  Request). 


S«l«ct  exactly  Hie  right  temi- 
tubular,  split  rivet,  or  cold- 
headed  fastener  from  Milford's 
complete  line.  You'll  find  it 
pays  in  every  way!  _ 


TYPE  BX 
1  WATT 


h  For  iRstrumeiitatloii 
|V  and  otiior  critical 
w  iqipKcatioiK 


NON- 

INDUCTIVE 

MAX.  RES:  1.5  Megohm  (331  Alloy) 

1 .0  Megohm  (Nichrome) 
10,000  Ohms  (Mongoniiv) 
BODY  SIZE:  I'  Ig.  by  9/16"  diom. 

TOLERANCE:  STANDARD  1% 

(TO  1/10%  at  Slight  Ex¬ 
tra  Coit) 


IN-RES-CO  wire  wound  resistors 
are  engineered  for  the  manufac¬ 
turer  maintaining  a  reputation  of 
top  quality  and  performance  in  his 
equipment.  They  cover  a  full  range 
from  1  watt  to  10  watts  and  .01 
ohm  to  1.5  megohm.  Conservative 
ratings  assure  maximum  long  life; 
trouble  free  service.  Write  for  cata¬ 
log  today  on  company  letterhead. 


Then  use  the  right  rivet  'f' 

setting  machine  for  your  A 

application.  One  of  Mil-  7 

ford's  15  basic  machines  is  sure 
to  solve  your  particular  prob¬ 
lem  . . .  and  slash  your  produc- 


TYPE  CX- 
%  WATT 


WRITE  TO  DEPT.  D 


INDUCTIVE 

MAX.  RES:  750,000  ohm  (331  Alloy) 
500,000  ohm  (Nichromo) 

)  5,000  ohm  (Mongonin) 
BODY  SIZE:  5/8"  Ig.  by  9/16"  diom.  j 
TOLERANCE:  STANDARD  1%  / 

L  (TO  1/10%  ot  Slight  Ex-/ 

tro  Colt)  / 


WSTMHRENT  RESISTORS  CQ.,  .19SCt  COMIRERCE  AVE.,  UNION,  IL ^ 
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HereVyour  supply  of  N.Y.T 


put  of  14.5  watts.  A  fan  unit  is 
also  available  separately.  Motor  can 
be  used  as  part  of  a  vibrator  unit 
in  a  stall  warning  system  for 
planes. 


Phono  Amplifier 

Bell  Sound  Systems,  Inc.,  Colum¬ 
bus  7,  Ohio.  Model  2122  high-fidel¬ 
ity  radio-phono  amplifier  has  four 
input  circuits,  built-in  preamplifier 
for  each  of  two  magnetic  pickup 


inputs,  as  well  as  bass  and  treble 
boost.  Peak  power  output  is  15 
watts.  Response  is  essentially  flat 
from  30  to  15,000  cycles.  Send  for 
sheet  Lit  4849-2A. 


N.Y.T.  facilities  are  now  expanded  to 
supply  all  types  of  inductive  television 
components  in  quantity.  Estimates  will 
be  supplied  promptly  on  standard  units 
I  or  types  wound  to  your  exact  specifica- 
\  tion.  In  addition  to  television  compo- 
nents,  N.Y.T.  offers  complete  manufac- 
‘  \  turing  service  on  power  transformers, 

^  chokes,  and  audio  transformers.  Mod- 
^  ern  plant  and  winding  equipment  as- 
\  sures  finest  quality  at  low  cost.  Call  or 
write  today  for  information. 


*  TELEVISION  \ 
POWER  TRANS-  \ 

FORMERS  \ 

*  DEFLECTION  \ 

COILS  \ 

w  VERTICAL  OUTPUT 
TRANSFORMERS 

■k  HORIZONTAL  BLOCK 
INC  OSCILLATOR 
TRANSFORMERS 

*  VERTICAL  BLOCKING 
OSCILLATOR  TRANS¬ 
FORMERS 


Precision  Switch 

Unimax  Switch  Division  of  The 
W.  L.  Maxson  Corp.,  460  W.  34th 
St.,  New  York  1,  N.  Y.  Type  DMX 
universal  precision  switch  has  spst 
silver  contacts  capable  of  handling 


4-  IN  ANY  QUANTITYI 

^  m 

r  ,  ■  -  — -  - 

rn 

•T  1 
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w  STRIP-TYPE 

SELENIUM  RECTIFIERS 


^  ^  o 


HM0  4rN  THI  WORID  OVER 


inbbNEPPERHAN  AVENUE,  YONKERS  3.  NEW  YORK 


Kotron*(  mttollie  rectifying  elements  ore 
mounted  in  one  plane.  Plates  cannot  con¬ 
tribute  heot  to  each  other.  Result — Cooler 
Operation  .  longer  life  .  .  .  increased 
circuit  efficiency.  Wafer-thin  Kotron  soves 
space,  mounts  easier. 

Write  for  Cempfefe  Technical  Data,  Prices 
.>»»>«««,-  and  Dalhfory 


•  Max.  Inverse  peak  voltage  360 

•  Average  operoting  temp.  105*  F 

•  OimensloiM:  4-1 /16*  X  1>1/16* 
X  5/32* 

•  Other  Sises!  75  Mo.  and  300 


^4  ClAIK  STRin  •  NfWARK  4,  NEW  JERSEY 
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NtW  MIODUCTS  (continued) 

10  amperes  at  125  volts,  either  a-c 
or  d-c.  It  features  a  focused-flux 
alnico  magnet,  a  ceramic  baffle 
chamber  and  an  arc-resistant  mold¬ 
ing  on  base  and  cover. 

Precision  Pot 

Technology  Instrument  Corp,, 
1058  Main  St.,  Waltham,  Mass.  The 
new  2-in.  potentiometer  illustrated 


has  a  linearity  of  0.2  percent  and 
has  a  maximum  electrical  rotation 
of  320  degrees.  Designed  particu¬ 
larly  for  computer  and  similar 
applications,  the  units  are  available 
only  on  special  order. 

Welding  Water  Control 

Robotron  Corp.,  56  Manchester, 
Highland  Park  (Detroit)  3,  Michi¬ 
gan.  The  Robotector  model  22B01A 


protects  an  idle  welding  trans¬ 
former  from  excessive  condensation 
and  acts  as  a  simple  fail-safe  elec¬ 
tronic  circuit.  Further  details  are 
given  in  a  catalog  sheet. 

Metal  Locator 

Fisher  Research  Laboratory, 
Inc.,  Palo  Alto,  Calif.  The  new  M- 
Scope  conveyor  belt  locator  de¬ 
tects  metal  objects  as  small  as  a 
dime  on  conveyor  belts  and  auto¬ 
matically  interrupts  the  power  cir¬ 
cuit  to  stop  the  line.  The  unit  pic¬ 
tured  will  accommodate  a  belt  2  ft 
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WHITE 


With  STEEL  .-the  small 
extra  first  cost  of  test  samples 
pays  off  in  assurance  of  effic¬ 
iency  and  durability  of  the 
finished  product. 


with-  TRACING  CLOTH  .  . 

The  small  extra  first  cost  of  Arkwright 
Tracing  Cloth,  over  that  of  tracing 
paper,  repays  many  times  over  in  the 
efficiency  and  durability  of  valuable 
drawings. 

Your  investment  in  Arkwright  Tracing  Cloth  is  a 
trifling  sum,  compared  to  its  returns  in  drawings 
kept  permanently  sharp  and  repeatedly  useful! 

Foresighted  drafting  departments  regularly  specify 
fine-woven,  expertly  bonded  Arkwright,  rather  than 
perishable  tracing  paper,  for  et'ery  drawing  worth 
keeping  for  possible  future  use. 

Read  the  Big  Six  Reasons  why  Arkwright  Tracing 
Cloth  eases  work,  improves  jobs,  resists  wear  and 
time.  Then  send  for  generous  samples  and  prove  this 
superiority  on  your  drawing  board.  Sold  by  leading 
drawing  material  dealers  everywhere.  Arkwright 
Finishing  Company,  Providence,  R.  I. 


The  Big  Six  Reasons  Why 
Arkwright  Tracing  Cloths  Excel 

1.  Erasures  re-ink  without  feathering. 

2.  Prints  are  always  sharp  and  clean. 

3.  Trocings  never  discolor  or  go  brittle. 

4.  No  surface  oils,  soaps  or  waxes  to  dry  out 

5.  No  pinholes  or  thick  threads. 

6.  Mechanical  processing  creates  pernnanen< 
transparency. 


ARKWRIGHT 


a 


Do  you  need  a  I 
L  you  can 


(Hcuun 


mClALTY 


SPECIALTY  BATTERY  COMPANY 


RAY-O-VAC  COMPANY 


A  SUBSIDIARY  OF  THE 


NATIONAL  COMPANY,  Inc 


MADISON  4.  WISCONSIN 


Can  Offer  You  "GRADED  WATER” 
for  Porfs  Rinsing  and  Screen  Processing 

With  Barnt^Md  Water  Stills  or  Dt>  If  tho  roquiramonts  demand  al!minati< 
minaraliiars  (or  a  combination  of  both)  of  organic  impurities  as  wall  as  ino 
you  can  be  assured  of  a  constant  un-  ganic,  Barnstaad  Water  Stills  provide  tl 
varying  supply  of  high  resistance  water  surest  and  most  economical  answer.  F( 
aiactly  fitted  to  your  needs.  Where  the  such  electing  uses  as  on*  screens  '< 
use  requires  only  the  removal  of  mineral  cathode  ray  tubes  it*  may  be  necessai 
content,  Barnstaad  2>Bad,  4-Bed  or  Type  to  de-ionise  the  water  first  end  th< 
*’R"  Upflo  Models  provide  rinse  water  distiH  it  —  es  many  leading  tul 
that  leaves  no  harmful  salt  residua.  manufacturers  do.  ' 


In  any  event,  Barnstaad  Equipment 
is'  your  safest  solution.  And  re¬ 
member,  only  Barnstaad  offers  you 
both  distilling  and  demineralizing 
equipment  —  and  are  thus  able 
to  handle  all  situations.  Put  your 
pure  water  problems  in  the  hands 
of  a  Barnstaad  Engineer  and  have 
a  single  responsible  authority  for 
their  solution. 


TYPE  UPFLO 
OEMINERALIZER 


Ira  u»l/  be  glM  to  to/>Ph  rtfom- 
memdations  for  jomt  parlicmior  prob¬ 
lem  vriibool  ooUgotion, 


SPECIALTY 

DRY 

BATTERY 


If  you  are  looking  for  hord- 
to-get  or  special  dry  batteries, 
write  us.  We  design,  create 
and  monufacture  to  your 
requirements. 


catalog  of  famous 
National  precision  components,  pets, 
and  communication  receivers. 

WRITE  TODAY  TO 


SEND  FOR  THIS  FREE  CATALOG 


6l  Sherman  St.  Malden,  Mass. 
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I'V  Ki.l 

new  EllODUCTS 


(eonNny*d) 


American  Television  «  Radio  Co. 

L  QudCcfcf  "Products 

k  SAINT  PAUL  1,  MINNESOTA-U.  S.  A 


SUHOAW.W® 


wide  with  a  load  2  ft.  high.  Loop 
antennas  can  be  adjusted  for  dif¬ 
ferent  heights  and  widths. 


Hand  Hearing  Aid 

Dictograph  Products,  580  Fifth 
Ave.,  New  York,  N.  Y.  The  Hear- 
ette  is  a  hand-held  type  of  hearing 
aid  that  is  intended  both  for  people 


for  Inverting  D.  C.  to  A.  C.  •  •  •  / . 

Specially  Designed  for  operating  A.  C.  Radios, 
Television  Sets,  Amplifiers,  Address  Systems,  ^and 
Radio  Test  Equipment  from  P.  C.  Voltages  in 
Vehicles,  Ships,  Trains.  Planes  and  in  D.C  Districts. 


with  slight  hearing  loss  and  those 
with  normal  hearing  who  may  wish 
to  use  a  selective  system  in  audi¬ 
toriums  or  other  places  where  noise 
level  is  high. 


N«w  Modttit 


New  Models 


Kilovoltnieter 

Beta  Electronics  Co.,  1762  Third 
Ave.,  New  York  29,  N.  Y.  Series 
121  multirange  kilovoltmeters  have 
full-scale  range  of  15  and  30,  and 


AUTO  RADIO  m<4m 

VIBRATORS  Wm 

A  Coinpfere  Lhf  of  VhnEon  ,  .  , 
Designed  for  Use  in  Standard  Vibrator- 
Operated  Auto  Radio  Receivers.  BuiH 
with  Precision  Construction,  footvring 
Coramk  Slack  Spaeon  for  Longer  Looting 
Life.  ^ 


”A**BAnERY 
ELIMINATORS  Iji^  ^ 

For  DEMONSTRATING  AND  TESTINO 
AUTO  RADIOS 

New  A4odefi .  .  .  Designed  for  Testing 
D.  C  Bectricol  Apparatus  on  Regular 
A.  C  Lines.  Equipped  with  Full -Wove 
Dry  Disc  Type  Rectifier,  Assuring  Noise¬ 
less,  Interference-Free  Operation  and 
Extreme  Long  Life  and  Reliability. 


\ 


S 
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^  UNITS 

HEATING  mums 

RESISTANCE 
LINE  CORD  j  : 

THERM^OUPIE  WffiE 

ASBKTOS  LEAD 
&  nXTURE  WIRE 

INSUUTB) 
RESISTANCE  WIRE 

HBER6LAS  ^ 
mSUUTED  WIRE 

WIRE  TO  ANY 
SPECIHCATIONS 


Company 


Poaltion 


STAMP 
EASILY  AND 
PERMANENTLY 


COMPONENTS  HANDBOOK 


Compcmy  namaa.  tzodemuka. 
initials,  sarial  numbars.  or  any 
dasign  on  wood,  laathar.  nibbar 
or  plastic. 


For  iumitura.  tiras.  moraobla  aquipmant  such 
os  shoTals  and  ladders,  woodan  shipping 
cases,  tool  handles,  and  hundreds  oi  other 
orticlas  whose  parmonaiit  ISanlicotlon  is 
desirable. 

SEND  SPECIFICATIONS  FOR 
QUOTATION 

By  the  Makers  of  Vulcan  Electric  Soldering  Tools, 

VULCAN  ILECTRIC  COMPANY 

DANVERS,  10,  MASS. 

Electric  Soldering  Tools,  Vulcan  Electric  Solder  Pott 
P""  variety  of  Heating  Elements  for  assembly 

•wn  products  and  of  Heating  Specialties  that  use 


NAVE  YOU  A 

If  it  concerns  heat  and  age  resistance, 
we'iB  specialists  and  have  been  for 
twenty  years.  Whether  it  is  dropping 
excessive  voltages — maintaining  higher 
than  ambient  temperatures  in  equip¬ 
ment — high  current  conductors — heat¬ 
ing  element  leads  in  crystal  temperature 
control  ovens — if  it's  got  to  be  tough  to 
continually  withstand  wear  and  tear  . . . 


a^CU^  MK 

Sand  your  e/ectronic  control,  communications  or  appliance  wir- 
lag  tpncHkaiions  tor  a  rocommended  solution  by  our  engineers. 


FOR  A  TRIAL  ORDER  OR  A  CARLOAD  consult 


THE  LEWIS  ENGINEERING  CO. 


Vol.  17.  Edited  by  John  F.  Blackburn,  M.I.T. 
613  pages,  illustrated,  $8.00 

This  book  codifies  information  on  the  properties 
and  characteristics  of  most  electronic  components. 
The  first  part  lists  fixed  components  such  as  wires, 
cables,  resistors,  etc.  the  second  deals  with  electro¬ 
mechanical  devices  and  the  third  section  is  devoted 
to  vacuum  tubes  and  cathode  ray  tubes. 

VACUUM  TUBE  AMPLIFIERS 

Vol.  18.  Edited  by  George  E.  Valley,  Jr., 
M.I.T,;  and  Henry  Wallman,  M.I.T.  733 
pages,  illustrated,  $10.00 

Here  is  a  complete  analysis  of  important  types  of 
amplifiers  together  with  their  design  principles  and 
constructional  techniques.  The  amplifiers  dis¬ 
cussed  provide  special  characteristics  such  as  very 
high  gain,  large  bandwidth,  or  precise  response. 

WAVEFORMS 

Vol.  19.  Edited  by  Britton  Chance,  E.  F. 
MacNichol,  University  of  Penn.;  F.  C.  Wil¬ 
liams,  Manchester  University;  V.  W.  Hughes, 
Columbia  University;  and  D.  Sayre,  Ala¬ 
bama  Polytechnic  Institute.  776  pages,  illus¬ 
trated,  $10.00 

A  detailed  description  of  the  generation  and  use 
of  precisely  controlled  voltages  and  currents,  in¬ 
troducing  methods  of  wave  shaping  by  linear 
circuit  elements  and  negative  feedback  amplifiers. 
The  properties  of  vacuum  tubes  as  non-linear  cir¬ 
cuit  elements  and  their  application  to  waveform 
manipulation  are  presented  in  detail. 

ELECTRONIC  TIME 
MEASUREMENTS 

Vol.  20.  Edited  by  Britton  Chance  and  E.  F. 
MacNichol,  University  of  Penn,;  and  R,  I. 
Hulsizer,  M.I.T.  528  pages,  $7.00 

This  book  opens  with  a  survey  of  precision  rang¬ 
ing  circuits  depending  upon  both  manual  and 
automatic  control.  The  second  part  deals  with 
circuits  using  supersonic  delay  elements  for  can¬ 
cellation  of  recurrent  waveforms,  and  the  third 
section  presents  precision  methods  for  data  trans¬ 
mission  employing  pulse  timing  techniques. 

SEE  THEM  10  DAYS  FREE 

....  mail  coupon  today  ---• 

McGRAW-HILL  BOOK  CO.,  INC., 

330  W.  42nd  St.,  N.  Y.  C.  IB 

Send  me  the  voltunes  of  the  M.I.T,  RADIATION  LABO¬ 
RATORY  SERIES  Indicated  by  the  numbers  encircled  be¬ 
low  for  10  days*  examination  on  approval.  In  10  days  I 
will  remit  the  price  of  the  books  I  keep,  plus  a  few 
cents  postage,  and  return  unwanted  books  postpaid.* 


Zone .  State. 


//  /  .  /-  . 

NAUGATUCK 


CONNECTICUT 


'Save!  We  pay  mailing  costs  If  you  send  cash  with 
order.  Same  return  privilege. 
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Model  BX-BD 
Crystal  or  Dynamic 


Model  CX-CD 
Crystal  or  Dynamic 


NEW  PRODUCTS  '  (contiMMd) 

25  and  50  kilovolts  at  50,000  and 
25,000  ohms  per  vplt.  Applications 
include  nuclear  research,  electro¬ 
static  precipitation  measurements, 
flocking  or  abrasive  techniques  and 
television. 


Molded  Capacitors 

Sprague  Electric  Co.,  North 
Adams,  Mass.  Prokar  capacitors 
operate  continuously  at  high  temp- 


BX  Crystal — Attractive  brown 
enamel  finiA.  7  ft.  attached 
cable.  Level: 52  db  below  1  volt/ 
dyne/s<g|.  cm.  Response:  S0-6O00 
c.p.s.  List . $10.85 

BD  Dynamic — Same  appearance 
as  BX.  Equipped  with  nigh  level 
dynamic  circuit.  Level:  S2db 
below  1  volt/dyne/sq.  cm.  at 
high  impedance.  Response:  SO- 
6000  c.p.s.  Available  in  SO,  200, 
500  ohms,  or  hi^  impedance. 
7  ft.  attached  cable.  List  $15.75 


eratures  without  deterioration  ow¬ 
ing  to  a  new  plastic  impregnant. 
Rated  for  service  between  minus  50 
and  plus  125  C,  the  new  units  are 
described  in  bulletin  211. 


turner 


F-M  and  A-M  Tuner 


Browning  Laboratories,  Inc.,  742 
Main  St.,  Winchester,  Mass.  The 
instrument  type  f-m  and  a-m  tuner 
model  RJ-20  comprises  two  inde¬ 
pendent  tuners  with  a  common 
audio  amplifier.  The  f-m  section 
has  32  db  of  quieting  with  a  10 


CX  Crystal — Satin  chrome  finish 
with  7  ft.  quick-change  remov¬ 
able  cable  set.Level:  52  db  below 
1  volt/dyne/sq.  cm:  Response: 
50-7000  c.p.s.  List  .  $^16.25 

CD  Dynamic— Same  s^le  and 
finish  as  CX.  High  quality  mag¬ 
nets  in  dynamic  circuit.  Level:  52 
db  below  1  volt/dyne/sq.  cm.  at 
high  impedance.  Response :  50- 
7000  c.p.s.  Available  in  50.  200, 
500  ohms,  or  high  impedance. 
With  7  ft.  removable  cable  set. 
List . $19.50 


Popularly  priced  TURNER  Challengers  offer  style,  quality, 
and  performance  features  usually  found  in  microphones  sell¬ 
ing  at  twice  their  low  cost.  They  are  Turner  Engineered  with 
substantially  flat  response  and  give  clear  cut  results  on  both 
voice  and  music  pickups. 

Crystal  models  are  designed  with  shock-proof  mounting, 
barometric  compensator,  moisture  sealed  crystal,  and  wind- 
gag  to  prevent  blasting.  Dynamic  models  are  built  to  give 
dependable  service  indoors  or  out.  You  can  rely  on  TURNER 
Challengers  for  satisfactory  performance  in  recording,  public 
address,  sound  system,  and  amateur  work  —  they  are  fully 
guaranteed.  Write  for  complete  microphone  literature. 


microvolt  signal.  The  a-m  section 
has  a  variable-width  i-f  from  8  to 
18  kilocycles  adjustable  from  the 
front  panel.  Audio  output  is  at 
20,000  ohms. 


Audio  Transformers 

Standard  Transformers  Corp., 
Elston,  Kedzie  &. -Addison  Streets, 
Chicago  18,  Ill.  The  HF  and  WF 
series  of  high-fidelity  audio  trans¬ 
formers  have  frequency  responses 
plus  or  minus  1  db  from  20  to  20,- 


THE  TURNER  COMPANY 

905  l/th  Slr*«l  N.  E.,  Cedar  Rapids,  Iowa 


LicMssd  under  U.  S.  patents  of  the  American  Telophone  and  Tsiairaph  Company,  and  Wastsm 
Elsctrk  Company,  Incorporated.  Crystals  licaesed  under  patents  of  the  Brush  Devsiopmant  Compaay. 
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LABOR . . . 
ENGINEERING 
SPACE . . . 


DYNAMIC  NOISE  SUPPRESSION 


with  Your  Present  Radio-phonograph  or  Amplifier 


SCOTT  INC 


Hcrmon 

Hosmer 


385  PUTNAM  AVE.  •  CAMBRIDGE  39,  MASS. 


SELF¬ 

LOCKERS 


KITS:  PATS.  PEND. 

T<m  can’t  tighten  or  loosen 
Mcket  lerews  without  a  hex 
•^et  wrendi,  so  why  not  get 
our  No.  SS  or  No.  BO  “Hallo- 
well”  Hollow  Handle  Key 
Kit  which  contains  moat  all 
hex-socket  hits. 


Knurling  of  Socket 
Screws  originated  with 
"Unbroko"  in  1934. 


Easily  installed,  General  Electric  Diodes 
are  space-saving  .  .  .  provide  outstand¬ 
ing  advantages  over  other  rectifiers  in  many 
applications. 

These  advantages  can  be  quickly  trans¬ 
lated  into  dollars  saved  in  production  and 
improved  equipment  operation.  The  features 
listed  below  are  only  a  few  of  the  reasons 
for  the  rapid  increase  in  the  use  of  G-E 
Germanium  Diodes. 

O  Welded  Contact  —  The  welding  of 
the  platinum  whisker  to  the  germa¬ 
nium  pellet  improves  electrical  sta¬ 
bility.  Neither  mechanical  shock  nor 
vibration  affect  it.  Operation  may  be 
conducted  at  higher  than  ordinary 
temperatures  since  no  filler,  such  as 
wax,  is  required  to  hold  the  point 
in  place. 

#  Plastic  Shell— More  economical  than 
previous  metal  type  and  yet  it  retains 
mechanical  rugg^ness. 

Use  of  plastic  gives  a  lower  lead-to- 
lead  capacitance,  permitting  its  use 
in  circuits  of  very  high  frequency. 

9  Small  Size— Requires  no  more  space 
in  circuit  than  an  ordinary  V4  watt 
resistor. 

#  No  Heater  Connections— Eliminates 
hum  sometimes  associated  with  vac¬ 
uum  type  rectifiers. 

•  Easy  Installation  —  Insulated  shell 
and  only  two  leads  to  connect. 

9  Quick  Recovery— Returns  to  normal 
quickly  after  sudden  applications  of 
excessive  voltage  when  not  accom¬ 
panied  by  excessive  current,  provid¬ 
ing  the  source  of  high  voltage  is 
removed  at  once. 

9  Low  Shunt  Capacitance 

Five  types  of  G-E  Germanium  Diodes  are 
available  to  meet  practically  all  require¬ 
ments.  For  complete  information  write: 
General  Electric  Company,  Electronics  Park, 
Syracuse,  New  York. 


JENKINTOWN,  PENNSYLVANIA.  BOX  596 


DETROIT  •  INDIANAPOLIS  •  ST.  LOUIS  •  SAN  FRANCISCO 


CHICAGO 


These  3  simple  steps  add 
realism  to  your  music 

1.  Plug  in  the  '‘Little  Won- 
der"  ’'‘Dynamic  Noise 

Suppressor  between  your  ^ 

pick-up  and  amplifier.  \ 

2.  Pluginthe  socket 

adapter  to  the  power-  W 

tube  socket.  .  „ 

^  •  Remote  control  mouni 

3.  Insert  the  matched  low-  ^  Separote  gates  .  .  .  f 

needle-talk  pick-up  in  low-frequency  noise 

your  pick-up  arm.  •  Two-inductor  type  hi| 

That’s  all  that  is  necessary  to  •  Two  separate  control 

reduce  background  noise  with  •  Compact  ...7x3^ 

negligible  loss  of  depth  and  .. 

briiHL.  .  .  .  giving  you  a  JJlf  v 

gratifying  sense  of  presence  equipment;  can  be  used, 

in  your  music  reproduction.  pick-up,  on  the  new, 

COMPLETE  SUPPRESSOR  •  •  •  including  records,  too.  Fc^  full  s 

tubes,  mmtehed  pick-up,  remote  control,  write  Dept.  EL.  Or,  even 
cables,  adapters,  instructions. . .  $12.50  list.  »  demonstration  at  your 
*Licensed  under  U.S.  and  foreign  patents  pending  and  issued. 


l 
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NfW  fRODUCTS 


000  cycles,  and  plus  or  minus  2  db 
from  30  to  20,000  cycles  respec¬ 
tively.  Hum  pickup,  leakage  re¬ 
actance,  as  well  as  harmonic  and 
intermodulation  distortion  have 
been  reduced  to  a  minimum. 


Electromanometer 

Sanborn  Co.,  39  Osborn  St.,  Cam¬ 
bridge,  Mass.  The  electric  mano¬ 
meter  illustrated  is  used  for 
graphic  registration  of  rapidly 


fluctuating  pressures  as  well  as 
steady  pressures.  Standard  ranges 
are  0-to-l  mm  of  mercury  to  0-to- 
400  mm.  Negative  and  mean  pres¬ 
sures  can  also  be  measured. 


Carbon  Resistors 

International  Resistance  Co., 
401  N.  Broad  St.,  Philadelphia,  Pa. 
The  new  type  deposited  carbon  re¬ 
sistors,  DCF  for  applications  up  to 
1  watt,  and  DCH  for  applications 
up  to  2  watts,  are  made  by  deposit¬ 
ing  pure  crystalline  carbon  film  on 
specially  compounded  ceramic  rods. 
They  are  available  in  1,  2  and  5- 
percent  tolerances.  Resistance 
ranges  are:  type  DCF,  200  ohms  to 
5  megohms;  type  DCH, *500  ohms 


COSMALITE* 
COIL  FORMS 


Each  •pocially  deaignad  and  pro¬ 
duced  by  ua  to  glee  exceptional 
performance,  and  at  a  aorlng 
in  coat  to  thia  country'a  lead¬ 
ing  monniacturera  of  radio 
ond  teloTiaion  receiTora. 


Your  specifications  as  to 
punching,  threading,  notch¬ 
ing  and  grooving  ore  fol¬ 
lowed  with  the  most  exact¬ 
ing  core.  Ask  about  our 
many  stock  punching  dies 
available  to  you. 


Are  you  familiar  with  our 
#96  COSMALITE  for  coU 
forms  in  all  standard  broad¬ 
cast  receiving  sets;  SLF 
COSMALITE  for  permeabil¬ 
ity  tuners;  COSMALITE  de¬ 
flection'  yoke  shells,  cores 
and  rings? 


Spiraliy  wound  krolt  and  flab  pa¬ 
per  Coil  .Forma  and  Condenaer 
Tubea. 


fZciEVElAND  CONTAINERS 


6201  BARBERTON  AVE.  CLEVELAND  2,  OHIO 

'  All-Fibre  Cana  •  Combination  Metal  and  Paper  Cana 

>  Spirally  Wound  Tubea  and  Corea  for  all  Purpoaea 

>  Plaatic  and  Combination  Paper  and  Plaatu  Itema 

*  *  * 
tiMiniwi  nun  iIm  m  nioMk.fiic..iitMeei.i.T..CMap.M..  i»iiet.iiict..iiaie»i.ij. 

nuncs  wnsM  n  niawe.  tm.  >  uusn  otbimi  at  cimM.  w* 

UUS  imca :  baa  a».  IraU  CiMnl  late.  IMa.  Nra  Tek  U.  I.T..  alM  MT  M  a..  lartM.  tax 
CUUIU  nut;  lla  ttanlaU  CaMaeat  Caita.  itt.  fmtatl,  loacla 
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NEW 


40W  OU-CONI 


CLEARLY  THE  “NUMBER  ONE”  LINE 
IN  THE  HIGH  QUALITY  FIELD 


Quality 'Conscious  engineers  in  every 
field  have  new  found  out,  in  actual  use, 
the  remarkable  efficiency,  the  amazing 
smoothness  of  frequency  response,  and 
the  clearly,  superior  performance  of  the 
new,  improved  1948  Altec  Lansing 
speakers.  , 

This  complete,  all-purpose  line,  fun- 
damentelly  re-engine^red  and  incorpo¬ 
rating  new"  scier^tific  discoveries  result¬ 


ing  from  original  Altec  Lansing  re¬ 
search,  offers  the  highest  obtainable 
quality  now  available  in  the  electronic 
industry. 

The  clear  superiority  of  Altec  Lan¬ 
sing  speakers  is  substantiated  by  fre¬ 
quency  response  curves,  made  on  meas¬ 
urement  equipment  that  has  earned  the 
approval  of  conservative,  unbiased  au¬ 
dio  scientists. 


AmritUutrmted  broehmrt,  fulln  detetiblng  the  i948  Altee  Laneing  Itne,  eentainlng  freqmencg 
reegomee  emrvee  for  each  opeaker,  wilt  be  eent  on  regneet.  Write  to  addrooe  neareet  gou. 


' '  ..  161  Sixth  Avenue. 
Mew  Iferk  City  18,  N.  Y.' 


RfGUlATiD 


1161  N.  Vine  St 
Hollywood  88,  Calif. 


0-500  VOLTS  D  C  AT 
300  MA  WITH  POSITIVE 
OR  NEGATIVE  GROUND 


Th«  Model  204A  Regulated  Power  Sup¬ 
ply  will  provide  from  0-500  volts  of 
well  regulated  and  well  filtered  D.C. 
The  output  voltage  Is  continuously  vari¬ 
able  without  switching  and  either  posi¬ 
tive  or  negative  side  may  be  grounded. 


I  I  I  i  ^ 


SPECIFICATIONS: 

OUTPUT  VOLTAGi 
High  VoHage:  MOO  Volt*  D.C.  eontln- 
uomly  varitM*  (Without  •witching). 
Curront:  300  Ma. 

Low  A.C.  Voltago;  6.3  Volt*  A.C.  at  6  amp*. 
cont*r-la|ipod.  unr«gulat*d 

REGULATION 

Within  1%  For  volugo  botwoon  30-600 
volt*,  from  no  load  to  full  load. 

Within  1%  for  lino  voltage  variation*  from 
105  to  128  volt*  at  full  load  currant  for  any 
voltago  botwaon  30-600  volt*  and  within 
2%  at  to  volt*. 

HUM  VOLTAGE 

Within  lO^Rdllllvolt*  at  any  voltago  or  load 
within  rating*. 


106-125  Volt*  AC.  6040  cycl**. 


High  and  low  voltago  output*  availablo  from 
front  and  raar  of  unit,  f^tlvo  or  nogativ* 
tarminal  of  high  voltago  output  may  bo 
grounded  m  dosirad. 


Oatoilad  cpaciflcation*  will  ha 


m 


ELECTRONIC  MEASUREMENTS  COMPANY 

RED  BANK  •  NEW  JERSEY 


Where 
ptlltORMIVNft  are  Vital 
DIMONT  OFFBS 


SWALUSl  paper 
CAPACITOR  - 

ye  I  100% 

moistureproof 


nniiH 


DUMONT 

ELECTRIC  CORE. 

MPR  S  OF 

CAPACITORS  FOR  EVERY  REQUIREMENT 

308  DYCKMAN  ST.,  NEW  YORK,  N  Y 
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new  products 


(cofitiaued) 


•'  ? 


KESTER 

SOLDER 


SOID^^ 


to  20  megohms.  See  technical  bul 
letin  B-4  for  further  data. 


Literature 


Carrier  Systems.  Lenkurt  Elec¬ 
tric  Co.,  1113  County  Road,  San 
Carlos,  Calif.  Form  CX42  is  a 
12-page  booklet  providing  a  com¬ 
prehensive  illustrated  listing  of 
carrier  telephone  and  telegraph 
systems.  Also  included  is  a 
description  of  signaling  equip¬ 
ment  and  test  apparatus  for  sys¬ 
tem  maintenance. 

Sound  Services.  Reeves  Sound 
Studios,  Inc.,  304  E.  44th  St.,  New 
York  17,  N.  Y.  A  recent  brochure 
describes  and  illustrates  the  wide 
variety  of  sound  recording  facili¬ 
ties,  experience  and  technical 
knowledge  available  for  turning 
out  films  or  disc  production. 

Nuclear  Charts.  Westinghouse 
Electric  Corn.,  Box  1017,  Pitts¬ 
burgh  30,  Pa.,  has  prepared  six 
lithographed  wall  charts  in  two 
colors  illustrating  the  important 
areas  of  nuclear  physics.  Measur¬ 
ing  25  by  36  inches  and  made  of 
heavy  stock,  the  charts  are  accom¬ 
panied  by  a  32-page  book  of  sup¬ 
plementary  information.  Com¬ 
plete  set  may  be  purchased  at  the 
above  address  for  $1.00. 

Classroom  Radio.  Radio  Manu¬ 
facturers  Association,  1317  F  St., 
N.  W.,  Washington  4,  D.  C.  The 
present  thinking  of  radio  manu¬ 
facturers  and  educators  specializ¬ 
ing  in  audio  education  is  summar¬ 
ized  in  a  recent  booklet.  Contents 
cover  utilization,  teaching  with 
radio,  considerations  for  purchase 
and  technical  considerations. 

Electronic  Controls.  Wheelco  In¬ 
struments  Co.,  847  W.  Harrison 
St.,  Chicago  7,  Ill.  Bulletin  Z65(J0 
contains  an  illustrated  and  de¬ 


days  of  high  labor  costs,  it  is  ot 
nee  to  maintain  peak  effiaency  m 
and  maintenance  operations.  Kes 
«,;n  sneed  up  all  soldering  jobs. 


K  Complete  Technical  Service 

„  have  a  specific  problem  in  yo^  “We" 
, lions,  take  advantage  of  the  ° 

Technical  Department.  It  costs  yo 

INDUSTMSIHtt1899 


STWDIRD  FOR 

KESTXR 

SOLDER  COMPANY 


ihtwood  Ave..  Chicago 


Foctorlei  AlW  At 

New  Jersey  •  BronMord,  Conodo 


Newark, 
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PRECISION  POTENTIOMETERS 


PUIOIAil 


Toroidal  and  Sinusoidal 


■  ii—  I  I  II  iiii  hii 

for  studio  •  laboratory  •  manufacturer 


For  PM  in  computing  and  analyz¬ 
ing  devices;  generation  of  low  fre¬ 
quency  saw  tooth  and  sine  waves; 
controls  for  radio  and  radar  equip¬ 
ment;  position  indicators;  servo¬ 
mechanisms;  electro  medical  in¬ 
struments,  measuring  devices — tele¬ 
metering;  gun  fire  control  where 
360*  rotation,  high  precision  and 
low  noise  levels  are  essential- 
Thn  type  RL14MS  sinusoidal  po¬ 
tentiometer  is  illustrated.  It  is 
wound  to  a  total  resistance  of 
35,400  ohms  and  provides  two  volt¬ 
ages  proportional  to  the  sine  and 
cosine  of  the  shaft  angle.  It  will 
generate  a  sine  wave  true  within 
db.6%.  Overall  dimensions  are 
4}"  diameter  x  4  11/32  long  plus 
shaft  extension  diameter  x 

IJ"  long. 


^  SYNCHRONIZING  GENERATOR 

1  Model  PT  101 — ^Television 


'n 


i 


-I 


Write  for  Bulletin  F-68 


FEATURES 

•  Built-In  S'  oadUoscope  with  Rynchronlicd  swrcM  for 
vlewlns  Tlmlns  and  Video  Output  pulae  wst*  fonne. 

•  Synchronized  marker  system  for  ehwklnf  pulse  width 
and  rise  time. 

•  Kztreme  stability,  insured  by  deriving  all  pulses  from 
leading  edge  of  master  oscillator  pulse. 

•  Means  for  checking  synchronizing  pulses  In  odd  and 
even  fields. 

SPECIFICATIONS 

525  line,  interloead,  60  fields,  30  frames,  RUA  Synchron¬ 
izing  pulses  held  to  tolerance  specified  In  the  NRTPB 
report  of  1945.  Output  Pulses;  Synchronising,  Video 
Blanking,  Camera  Blanking,  Horizontal  Driving,  Vertical 
Driving  Pulses.  5  volts  across  100  ohm  termination. 
Dual  output  lacks.  tlS  volts  50/60  cps.  Complete  with 
tubes. 


TELEVISION 
MONOkOPE 
SIGNAL 
SOURCE 
Model  PT  102 

•  Composite  Video  Slsnal 

•  wide  Band  VIdse  Ampli¬ 
fier,  6  DB  down  at  lOMC 

•  Dual  outputs  for  fsodinp 
two  75  or  100  linos 

•  Black  positivo  or  Black 
nepativo  output. 

•  Resolution  prsater  than 
600  lines 

INPUT:  Vertical  and  Hori¬ 
zontal  Driving 
pulses.  Camera 
and  Kinescope 
Blanking  Pulses. 

OUTPUT :  Composite  Video 
Signal.  3  V  o  1  t  s, 
100  ohm  lino  115 
volts  50/60  CDS, 
Complete  with 
tubes  and  includ¬ 
ing  high  and  low 
voltage  power 
units. 


9  FERRY  STREET 
NEW  YORK  7,  N.  Y. 


I  Tolwvlzlon  onglnMn  and  conpultonts  to 

I  H«o  nation's  groat  tolovision  stotionz. 
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THE  GAUEWELL  COMPANY 

Newton  Upper  Falls ‘64,  Massochusetts 


k  ( 


STANDARDIZED 
METAL  EQUIPMENT 

ADAPTABLE  FOB  EVERY  REQUIREMENT 

P  ar-Metal  Equipment  offers  many  features,  including  func¬ 
tional  streamlined  design,  rugged  construction,  beautiful 
finish  .  .  .  plus  ADAPTABILITY.  Eliminate  need  for  special 
made-to-order  units  on  many  jobs.  *  ^ 


Engineers  and  manufacturers  will 
eff^  economies  with  Par-Metal 
Prt^ucts,  which  are  available  for 
every  type  of  job  from  a  small 
receiver  to  a  deluxe  broadcast 
transmitter. 

■A. 

ProAeasional  techniques  and  years 
of  specialization  are  reflect^  in 
the  high  quality  of  Par-Metal.  .  . 

CABINETS  •  CHASSIS 
PANELS'RACKS 


NIW  PRODUCTS  (contiiiMd) 

scriptive  listing  of  standard  in¬ 
strument  models  including  indi¬ 
cators,  controllers,  recorders,  and 
combustion  safeguards.  A  sepa¬ 
rate  price  list  is  also  available. 

Precision  Switches.  Unimax 
Switch  Division  of  the  W.  L.  Max- 
son  Corp.,  460  W.  34th  St.,  New 
York  1,  N.  Y.  A  20-page  booklet 
on  precision  switches  provides 
engineering  data  on  force  and 
movement  specifications,  dimen¬ 
sions  and  electrical  ratings. 

High-Voltage  Supply.  Instrument 
Development  Laboratories,  223- 
233  West  Erie  St.,  Chicago  10,  Ill. 
A  single  sheet  illustrates  and  gives 
technical  data  on  the  model  1090 
high-voltage  supply  which  deliv¬ 
ers  0  to  ±  5,000  volts  continuously 
variable,  for  ionization  measure¬ 
ments  and  other  low  drain  applica¬ 
tions.  Output  voltage  variation  is 
less  than  0.1  percent  for  a  line 
voltage  change  of  95  to  130  volts. 


Do  you  hovo  comploto  data 

on  tho  rovolutionory  now  HfliPOT— tho  holicol 

potontiomotor-rhoostat  that  providos  many  timos  groator 

control  accuracy  of  no  Incrooso  lir  panel  spoco?. . .  or  on  tho  oqually 

uniquo  DUODIAL  that  grootly  simplifios  turnt-indicating  applications?  If  you  oro 

dosigning  or  manufacturing  any  typo  of  procision  oloctronic  oquipmont,  you 

should  havo  this  holpful  catalog  in  your  roforonco  filos... 


Instrumentation  System.  Auto¬ 
matic  Temperature  Control  Co., 
Inc.,  5212  Pulaski  Ave.,  Philadel¬ 
phia  44,  Pa.  Detailed  engineering 
and  application  data  on  the  At- 
cotran  instrument  system  for  elec¬ 
trically  measuring  mechanical  mo¬ 
tions  or  displacements  may  be 
found  in  the  8-page  catalog  R-IO. 


the  precision  construction  features 
found  in  the  helipot  . . .  the  centerless  ground  and  polished 
stainless  steel  shafts— the  double  bearings  that  maintain  rigid 
shaft  alignment— the  positive  sliding  contact  assembly— and  many 
other  unique  features.  ' 


Shipboard  Radar.  Radiomarine 
Corp.  of  America,  75  Varick  St., 
New  York  13,  N.  Y.  Booklet  MS-15 
completely  describes  and  illus¬ 
trates  the  CR-101  radar  designed 
for  commercial  shipping.  Dimen¬ 
sional  digrams  and  specifications 
are  given. 


Ham  Inductors.  E.  F.  Johnson  Co., 
Waseca,  Minn.  Now  available  is 
a  new  catalog  dealing  with  air- 
wound  ham  inductors  and  plug-in 
swinging  link  assemblies.  In¬ 
structions  are  provided  which  en¬ 
able  the  amateur  to  select  the  cor¬ 
rect  coil  and  link  for  individual 
application. 


iff  and  illustrates  the  various  spe¬ 

cial  HELIPOT  designs  available— double  shaft  extensions,  multiple 
assemblies,  integral  dual  units,  etc. 


Dry-Type  Transformers.  Lind- 
berg  Engineering  Co.,  2444  West 
Hubbard  St.,  Chicago  12,  Ill.,  re¬ 
cently  released  bulletin  1110 
which  gives  applications,  design 
and  construction  of  a  standard 
line  of  dry-type  transformers,  and 
also  covers  types  for  special  appli¬ 
cations. 


If  you  use  precision  electronic  components 
in  your  equipment  arid  do  not  have  a  copy  of  this  helpful  Helipot 
Bulletin  in  your  files,  write  today  for  your  free  copy. 
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An  Engineer’s  DrEaWCOME  TRUE 


Wh.n  ye«  h«ar  Hi«  Nswcemb  "R*d  Knob"  rocord 
(ondition  compontator  for  tho  first  timo,  wo  oro  suro 
you'll  ogroo  it's  roolly  a  "Droom  Como  Truo."  Thoso 
two  groot  Nowcomb  Amplifiors  with  tho  "Magic  Rod 
Knob"  do  wondors  in  oliminoting  noodio  scratch  and 
rocord  distortion  whilo  rotaining  tho  maximum 
natural  brillianco. 

Of  courso,  it's,  not  only  this  romarkably  effectivo 
Kratch  control  that  gives  you  tho  oxtromo  quality 
achiovod  by  thoso  two  amplifiers.'  Their  measured  por- 
formapco  it,  superb.  In  every  respect,  they  represent 


I 
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AUDIO  PRODUCTS  CO. 


DEPT  H,  6824  LEXINGTON  AVE  ,  HOLLYWOOD  38.  CALIFORNIA 


Examine  these  4 
recent  books  from 
the  MIT  RADIATION 
LABORATORY  SERIES 
10  Days  Free 


CURTIS  TYPE  "I” 

LOCK-IN  TERMINAL  BLOCKS 


DEVtlOPMENT  &  MFG.  CO. 

Terminal  Block  Sales 
5  North  Crawford  Are.,  Chicago  24,  Illinois 
Factory — Milwaukee  10,  Wisconsin 


the  ultimole  in  technical  perfection,  end  in  addition, 
there's  a  listening  quality  that  even  performance 
curvet  do  not  tell.  That's  why  we  ask  you  to  be  sure 
and  hear  these  two  Red  Knob  Amplifiers  before  you 
buy.  Both  have  built  in  Pre-Amplification  for  G.E.  or 
similar  variable  reluctance  type  pickups,  plus  inputs 
for  AM-FM  radio  and  crystal  pickups,  and  the  finest 
of  tone  controls. 

Both  ore  individually,  and  completely,  custom  tested 
to  insure  each  unit  will  be  "Laboratory  Perfect."  A, 
"Certificate  of  Performonce"  accompanies  each  ampli¬ 
fier.  Look  for  it.  It  is  your  assurance  -of  individual 
perfection. 

See  your  Newcomb  Distributor  or  write  for  detailed 
specifications. 


LIST  PRICE  $225.IIU 


HlP-14  •  ^ 

14  WATTS 

LIST  PRICE  $139J0 


THEORY  OF 
SERVOMECHANISMS 


SEND  NO  MONEY 


•>■•■■■■■  jygf  Mail  Coupon  Today 

:  McGRAW-HILL  BOOK  CO.,  Inc. 

:  330  W.  42d  St.,  N.  Y.  C  18 
{  Bend  me  the  volumee  of  the  RADIATION  LABORA. 
2  TORY  SERIES  Indlceted  by  the  numbers  encircled 

■  below  for  10  days’  examination  on  approval.  In  10 
*  days  I  will  remit  the  price  of  the  books  I  desire  to 
2  keep  plus  a  few  cents  postace,  and  return  unwanted 

■  books  postpaid.* 

1  25  11  5  23 

J  Name  . 

2  Address  . 

1  City . Zone . State . 

S  Company  . 

2  Position  . . FL-I2  48 

2  *  SAVCt  W*  pay  postage  and  packing  charges  if  you 

S  end  cash  with  your  order.  Same  return  privilege. 


Vol.  25.  Edited  by  H.  M.  JAMES,  Purdue  Univ.; 
N.  B.  NICHOLS,  Taylor  Instrument  Co.;  and 
it.  S.  PHILLIPS,  Univ.  of  Southern  Calif.  375 
pages,  Ulus.,  15.00 

Here  is  a  ooherent  description  of  the  theory  and  mathe¬ 
matics  Involred  in  standard  methods  of  servomechanism 
deslm.  showlnc  application  of  current  teehnlnues,  and 
proridlny  an  Introduction  to  a  new  technique.  It  covers 
frequency  response  design  considerations— transfer  loci, 
attenuation  vs.  log-frequency  plots,  phase-angle  vs.  log- 
frequency  plots — and  explains  the  later  method  which  de 
pends  upon  minimization  of  rms  error  with  which  the 
meetaanism  produces  a  desired  result  In  the  presence  of 
electrleal  noise  and  other  dlsturbaitoes. 


Curtis  Type  "K"  Lock-In  Terminal  Blocks 
— factory-assembled  from  1  to  18  term¬ 
inals — assure  dependable  "lug  security". 
Solder-type  spade  lugs  are  rigidly  held 
in  position  when  binder  screws  are  tight- 
.  ened.  No  danger  of  terminals  pulling  or 
dropping  out  of  position  ...  yet  any  term¬ 
inal  may  be  easily  and  quickly  removed 
by  loosening  screw.  Screws  insulated  to 
ground. 


Vol.  II.  Editml  by  C.  G.  MONTGOMERY,  Associate 
Professor  of  Physics,  Yale  University.  937  pages. 
Ulus..  $10.00 

The  four  sections  of  this  book  provide  a  thorough  analysis 
of  the  methods  and  apparatus  deemed  most  useful  In 
measuring  the  properties  of  microwaves  and  designing  dr- 
eults  In  which  they  are  to  be  used.  A  full  description  of 
the  measurable  quantities  of  microwaves  provides  sound 
groundwork  for  chapters  which  deal  with  sources  of  power 
suitahle  for  measuring  puiposes  and  the  means  for  detect¬ 
ing  energy  at  microwave  frequencies.  Methods  for  measur¬ 
ing  wave  lengths.  Impedance,  frequency,  and  attenuation 
are  fully  described. 


TECHNIQUE  OF 
MICROWAVE  MEASUREMENTS 


PULSE  GENERATORS 


Vol.  5.  G.  N.  GLASOE,  Rensselaer  Polytechnic 
Institute;  and  J.  V.  LEVACQZ,  Johns  Hopkins 
Univ.,  737  pages,  $9.00 

This  detailed  discussion  of  the  techniques  ef  pulse  genera¬ 
tion  presents  a  comprehensive  survey  of  the  rapid  advance¬ 
ments  made  in  this  Held.  It  covers  the  theoretical  and 
practical  aspects  of  the  generation  of  power  pulses,  the 
practical  methods  of  pulse -generator  design.  Including 
hard-tube  pulsers,  line-type  pulsers,  and  pulse  trans¬ 
formers.  Pulse  powers  in  the  range  of  100  watts  to  20 
megawatts  and  pulse  durations  from  .03  to  10  microsec¬ 
onds  are  considered,  coveting  pulse  formation,  pulse 
power,  circuit  efflclency,  etc. 


MICROWAVE  RECEIVERS 


Vol.  23.  Edited  by  S.  N.  VAN  VOORHIS,  Assoc. 
Professor  of  Physics,  Univ.  of  Rochester.  6M 
pages.  Ulus.,  $8.00 

This  analysis  of  wlde-band  receivers  provides  a  thorough 
description  of  the  various  component  drcnlts  and  equip¬ 
ment — individual  clreult  types,  duplexers,  mlcrow-^e 
mixers,  local  oscillators,  automatic  frequency  control  sys¬ 
tems,  1-f  intnit  circuits,  ampllfters,  and  detectors.  With 
this  comprehensive  groundwork,  the  book  takes  up  the 
as.sembly,  testing,  and  maintenance  of  receivers.  olTering 
analyses  of  actual  receivers  which  contain  eiamplee  of 
important  circuit  combinations. 


Wi,.e  for  your 
copy  of  bulletin 
DS-114 


HERMETICALLY  SEALED  COMPONENTS 
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NEWS  OF  THE  INDUSTRY 
(continued  from  page  134) 


A  Comphfly  New 
SCAUNG  TYPE  Geiger 
MUffer  Laboratory  Sot 
Intorporating 
K  EVERY  modorn 
up  to  the  minute 
innovation. 


Studio-to-transmitter  microwave  antenna 
which  becans  programs  from  Ithaca  studio 
to  Connecticut  Hill  transmitter  site  lot  re- 
broadcast  over  Rural  Radio  Network 


MODEL  IS  100  (Scele 
ef  100)  PRICE  $9S5. 
MODEL  U1000  (Scale 
ef  1000)  PRICE  $42S. 


receive  from,  are:  WSLB,  Ogdens- 
burg  on  106.1  me,  and  75  miles  from 
WVBN,  Turin,  on  107.7  me  and  72 
miles  from  WVCV,  Cherry  Valley 
on  101.9  me  and  56  miles  from 
WVCN,  De  Ruyter  on  105.1  me. 

Each  station  in  the  net  has  a 
250-watt  GE  f-m  broadcast  trans¬ 
mitter  with  effective  radiated 
power  of  1,300  watts.  A  trailer  is 
used  extensively  for  on  the  spot 
broadcasts,  thus  making  any  pas¬ 
ture  in  the  state  a  broadcast  point. 
This  jeep-drawn  unit  has  a  50- 
watt  transmitter  operating  on 
152.75  me,  either  from  an  a-c  line  or 
its  own  3-kw  gas  engine-driven 
generator.  A  40-foot  collapsible 
antenna  on  the  trailer  provides  de¬ 
pendable  relaying  up  to  50  miles  to 
the  nearest  RRN  station,  where  the 
remote  pickup  is  picked  up  and  re¬ 
broadcast  for  the  network. 

Headquarters  for  the  statewide 
chain  are  at  Ithaca,  N.  Y.  From 
this  point  a  GE  studio-to-transmit¬ 
ter  link  operating  on  940.5  me 
beams  programs  to  a  transmitter 


Rcgulotcd  High  Voltage 
Supply  .  .  .  Zoro  Rotot 
Typo  Impwito  Register 
Oscilloscope  and  Tinier 
Connections  and  doiens 
of  other  features. 


Featuring 


DIRECT  READING  DECIMAL  DECADE  SYSTEM  .  .  .  Scote  of  100 

or  Scale  of  1000  .  .  .  Incorporating  the  famous  positive,  reliable, 
foolproof,  Higinbotham  scaling  circuit. 

INDICATES  TOTAL  COUNT  UP  TO  999,999  or  9,999,999 
BEFORE  RECYCLING  ...  Direct  reading  of  total  count  without 
multiplication,  addition  or  mathematics  of  any  kind. 

STYLED  TO  OCCUPY  MINIMUM  SPACE  ON  THE  LABORATORY 
TABLE  .  .  .  ONLY  11*  wide  9*  high  ...  18'  deep. 

SEND  FOR  DESCRIPTIVE  BULLETIN  NO.  485 


An  accessory  for  use  with  scaling  sets 

A  complete  Self-Contained  Unit 
Direct  Reading 

Four  Full  Scale  Ranges  of  5,  50,  500 
and  5000  Pulses  Per  Second. 

Built-In  Loudspeaker  For  Aural  Moni¬ 
toring  of  Operation. 

Provision  for  5  M.  A.  Pen  Recorder. 


MODEL  SA4 
fcompfet*  with  tub0SJ 
PRICE  $240. 


A  modern 

glBiik  of  15,000  MwBfo 
fool  dovotod  ko  Iko 
MBoofBckiiro  of  Goigtr 
Mullor  eppetBLet. 


MBAufBcHirors  of  Gotgor 
Mullor  coufikor  BooBrBkwt 
for  ooarly  l4  yoBrt. 


Engineers  odjust  antennas  of  Nemo  trailer 
used  by  Rural  Radio  Network  for  remote 
pickups.  The  program  is  broadcast  from 
here  on  152.75  me  to  the  nearest  RRN 
station 


2647-67  N.  HOWARD  STREET,  PHILADELPHIA  33,  PA 
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^  FOR  HIGHER  ^ 
POWER  RATINGS 
INSIST  ON  TUBES 
WITH 

GRAPHITE 
L  HEARTS  j 


NEW  YORK  11 


CARBON  COMPANY 
ST.  MARYS,  PENNA 


for  the  New  LP  Neeords 


The  GRAY  TRANSCRIPTION  ARM  103-LP,  with  Selected  GE  Variable 
Reductance  Cartridge  with  >  mil  Diamond  Stylus,  has  been  especially 
designed  for  use  with  the  new  LP  Micro-Groove  Records.  Due  to  such 
features  as  adjustable  stylus  pressure,  frictionless  motion,  self-leveling 
bose  and  the  occommodotion  of  ony  stondord  cartridge,  arm  obsoles¬ 
cence  is  precluded.  Arm,  with  1  mil  Diamond  Stylus  Cartridge,  $77.95. 

The  GRAY  #601  4-position  EQUALIZER  for  GE  Cartridge,  finest 
performance  and  workmanship,  ideal  response  curves.  Adopted  by  radio 
networks.  Matches  pickup  to  microphone  channel.  Complete,  $49.50. 

liMfuiries  invited  for  development  and  manufacturing. 


HARTFORD  1,  CONN 


^WP»ovjEp_  SIGNAL 

tOAXUl  RELAY 


^  FOR 

HIGH  FREQUENCY 
SWITCHING 

Double  coil  electro-magnets 
provide  increased  power  for 
extra  high  contact  pressures, 
insuring  positive  contact  un¬ 
der  vibration  conditions. 

Actuating  rod  of  special 
molded  composition  floats  in 
ball  and  cup  end  bearings. 
Armature  provided  with  oilite 
bearings,  with  stainless  steel 
pin,  insuring  mechanical  life 
of  several  million  operations. 

Contact  arm  construction  pro¬ 
vides  wiping  action  in  both 
transmit  and  receive  posi¬ 
tions. 

tulletin  C6  upon  roquott 


When  the  '’heart”  of  the  tube  is  a  Speer 
Graphite  Anode,  you  are  sure  of  these 
advanuges: 

•  200-300%  higher  power  rating 
over  most  metallic  anodes. 

•  Greater  tube  stability  — Speer 
anodes  keep  their  original  charac¬ 
teristics;  will  not  warp,  even  over 
the  200  megacycle  range. 

•  Because  they  operate  at  lower 
temperatures,  graphite  anodes 
outlast  metallic  anodes,  even 
when  usage  is  severe  and  continual. 

Graphite  anode  tubes  are  widely  used  for 
diathermy,  ultra-high  frequency,  short 
wave  and  FM  transmitters;  for  motor 
control,  electrosutic  precipiution,  resis¬ 
tance  welding,  electronic  heating,  count¬ 
ing  and  sorting.  When  you  buy  tubes, 
ask  for  the  one  with  the  graphite  "heart.** 
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i  international 
instruments 

INCORPORATED  .  - 


ACTUAL  SIZE 


NIWS  OF  THI  INOUSTRV  (cmiHum^) 

site  at  Connecticut  Uill,  miles 
southwest.  There  the  programs  are 
put  on  the  air  and  picked  up  simul¬ 
taneously  by  master  receivers  at 
other  stations,  for  immediate  re¬ 
broadcast  on  their  own  channels. 
Each  station  can  also  originate  pro¬ 
grams  for  pickup  by  others  in  the 
network. 


a  new  name 


Certificates  of  Merit 

At  ceremonies  held  in  several 
regions  recently,  presidential  cer¬ 
tificates  of  merit  were  awarded  as 
testimonials  for  outstanding  serv¬ 
ice  in  technological  research  and 
development  during  World  War  II. 

The  following  were  the  recip¬ 
ients  : 


bached  by 


experience 


Henry  B.  Abajian  of  JJ.  H.  Terpen  ing 
Co. ;  George  W.  Bailey  of  the  IRE ;  Wll- 
mer  L.  Barrow  of  Sperry  Gyroscope  Co. ; 
H.  H.  Bennlng  of  Aircraft  Radio  Corp. ; 
Harold  H.  Beverage  of  RCA;  K.  C.  Black 
of  Aircraft  Radio  Corn. ;  Hendrik  W.  Bode 
and  Ralph  Bown  of  Bell  Labs. ;  Herbert 
E.  Bragg  of  NDRC ;  Henri  Busignies  of 
Federal  Telecommunication  Laboratories ; 
John  F.  Byrne  and  F.  C.  Cahill  of  AIL; 
Howard  A.  Chinn  of  CBS ;  F.  S.  Cooper 
of  Haskins  Laboratories ;  Inc. ;  W.  F. 
Davidson  of  Consolidated  Edison  Co. ; 
H.  D.  Doolittle  of  Machlett  Laboratories; 
O.  S.  Duffendack  of  Philips  Laboratories, 
Inc.;  John  N.  Dyer  of  AIL;  Donald  G. 
Fink,  editor-in-chief,  Electhonics,  E.  G. 
Fublni  of  AIL;  Raymond  L.  Garman  of 
General  Precision  Elquipment  Corp. ;  B.  L. 
Havens  of  Watson  Scientific  Computing 
Laboratory;  L.  Grant  Hector  of  Sonotone 
Corp. ;  William  H.  Martin  of  Bell  Labs ; 
James  H.  Moore  of  AT&T;  Haraden  Pratt 
of  American  Cable  and  Radio  Corp. ;  J.  C. 
5k;helleng  of  Bell  Labs ;  William  P.  Short 
of  Federal'  Telecommunication  Labora¬ 
tories;  Hector  R.  Skifter  of  AIL;  Ernst 
Weber  of  Polytechnic  Institute  of  Brook¬ 
lyn  :  Browder  J.  Thompson  (posthu¬ 
mously),  'Vladimir  K.  Zworykin,  Loren  F. 
Jones  and  Hugh  H.  Spencer  of  RCA. 


The  fine  quality  midget  meters  formerly  manufactured  by 
the  MB  Manufacturing  Company  are  now  being  produced 
by  International  Instruments,  Inc.,  —  a  new  name  for  the 
established  line  of  midget  meters  of  unexcelled  accuracy. 

Improvements  in  design  have  been  effected  under  Inter¬ 
national  Instruments'  modern  engineering  methods.  Produc¬ 
tion  has  been  increased  without  loss  of  precision.  Now 
International  Instruments  can  provide  prompt  delivery  of  a 
complete  line  of  improved  midget  electrical  panel  meters, 
ranging  from  1"  to  IV2"  in  diameter,  combining  with  small 
size  the  same  ruggedness  and  accuracy  of  the  larger 
panel  meters. 

Production  quantities  or  sample  orders  are  available  for 
practically  every  use  where  small  size  and  minimum  weight 
are  prime  factors.  Our  engineers  will  gladly  work  on  adapt¬ 
ing  International  midget  electrical  instruments  to  your 
requirements. 

Write  now  for  our  new  midget  meter  folder  complete  with 
specifications. 


Australian  Mobile  F-M 

First  installations  of  mobile  f-m 
equipment  for  public  works  and 
police  authorities  in  Australia  were 
recently  completed  by  Amalga¬ 
mated  Wireless  (Australasia)  Ltd. 
and  Philips’  Australian  branch 
plant.  Regular  f-m  entertainment 
programs,  however,  are  at  least  a 
year  away. 


rating 


lower 

nodes 

even 

inual. 

ed  for 
short 
motor 
resis- 
count- 
tubes, 
leart." 


Train  Television 

A  SUCCESSFUL  demonstration  of 
television  reception  aboard  a  mov¬ 
ing  train  was  made  during  the 
recent  World  .Series  by  Bendix 
Radio  Division  of  Bendix  Aviation 
and  the  Baltimore  and  Ohio  Rail¬ 
road,  along  the  Washington-New 
York  route.  Only  when  the  train 


international 

instruments 

INCORPORATED 

331  EAST  ST.  NEW  HAVEN  11,  CONN. 
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Z-ANGLE  METER'S 
Atturaty  —  Speed  —  Simplicity 
PLEASES  LANGEVIN  ENGINEERS 


TECHNOLOGY  INSTRDMENT  CORF. 

tost  MAW  STREET,  WAITHAM  S«.  MASS. 


MIdwMt  OIHm:  AHtmI  CTMttoy  &  Attoelato*.  S4«  W.  Randolph  St.  Chlcapo  6.  Illlnoio.  Stato  7444 


Since  1933  PYROFERRIC  has  been  the  standard 
source  for  IRON  CORES  manufactured  to  desired 
permeability,  frequency,  "Q",  resistance  and 
physical  strength  ...  to  fit  any  circuit. 

PYROFEkRIC,  with  its  background  of  research  and  experience, 
will  gladly  consult  with  you  on  your  IRON  CORE  requirements. 

Pyroferric  Co. 

■  621  EAST  216  STREET,  NEW  YORK  67,  N.  Y. 


'A'  Yes,  TOUGH!  Greenohms 
(made  by  Qorostat  exclu¬ 
sively)  are  found  in  radio- 
electronic  and  electrical 
assemblies  that  simply  MUST 
stand  the  gofL 

These  green-colored  power 
resistors  handle  heavy  over¬ 
loads  without  flinching.  The 
exclusive  cold-setting  inor¬ 
ganic  cement  coatings  means 
that  the  wire  winding  remains 
unimpaired  in  manufacture. 
Coating  withstands  the  heat 
shock  of  frequent  on-off  oper¬ 
ation  without  cracking,  flak¬ 
ing,  peeling.  Yes,  TOUGH! 

Fixed  and  adjustable.  5  to 
200  watt  ratings.  Widest 
choice  of  terminals  and 
mountings. 


q««sl.  L«i 
ns  quote  on 
TOUR  ro- 
quiiomonfs 


CUROSTAT  MF6.  CO..  Inc.,  Dover.  N.  H. 

_ CANADIAN  MAHCONl  CO- Ltd- 
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AUDIO  ENGINEERS: 

Note  This  Report  From  Longevin 


"The  LangoTin  Manuloctaring  Cor¬ 
poration  DoTolopment  Loboratories 
finds  the  Z-Angle  Meter  extremely 
useful  in  the  determination  of  trans* 
former  impedances.  In  the  manufac¬ 
ture  of  amplifiers  it  is  often  necessary 
to  determine  the  impedances  existing 
within  amplifier  stages.  Heretofore, 
these  determinations  horte  inrolTed  a 
long  drown  out  test  procedure.  The 
Z-Angle  Meter.  howeTer.  allows  read¬ 
ings  to  be  made  occurately  ond 
quickly." 


IRON 


CORES 


GREENOHM 
PO^JBR 


Their  engineers  say,  ".  .  .  the  plate 
impedance  of  a  resistance  coupled 
Mode  tube  can  be  determined  by  tak¬ 
ing  a  reading  with  the  Z-Angle  Meter 
at  the  output  terminals  and  then  ex¬ 
tracting  the  unknown  from  the  mathe¬ 
matical  formula  for  the  impedances  in 
paralleL  This  is  only  one  of  the  many 
uses  we  hare  found  for  this  iiutru- 
ment." 


THE  Z-ANGLE  METER  is  a  modem,  self- 
contained  instrument  tor  making  quick, 
accurate  measurements  ot  IMPEDANCE 
and  PHASE  ANGLE  at  aedio  frequencies. 


Write  today  lor  BpBetins  on  the  Z-Angle  Meter. 
R-F  Z-Angle  Meter,  R-F  Oscillator  and  Pre¬ 
cision  Variable  Resistors. 


2835  13th  AVE.  S.,  MINNEAPOLIS  7,  MINN, 


NEWS  OF  THE  INDUSTRY 


(continued) 


Ine  Transformer 


An  ADC  115A  (Industrial  Series) 
impedance  matching  transformer, 
picked  at  random  from  stock,  was 
submitted  to  tests  to  compare  its 
performance  with  that  of  other 
makes  of  1st  line  transformers.  Here 
are  the  results.  Compare  perform¬ 
ance  of  the  ADC  transformer  with 
that  of  other  makes. 


Spocial  antenna  mounted  atop  roof  of 
train  for  teloTUion  reception  must  not  ex¬ 
tend  more  than  15H  inchee  because  of 
railroad's  clearance  pattern.  Larger  por¬ 
tion  is  used  for  the  54  to  88-mc  band; 
smaller  antenna  is  for  174  to  216  me 


passed  under  bridges  or  steel  struc¬ 
tures  or  was  out  of  range  of  trans¬ 
mitters  was  there  any  indication 
that  the  receiver  was  operating 
under  unusual  circumstances. 

A  special  antenna  known  as  a 
ram’s  horn  doublet  was  mounted 
atop  the  car.  The  a-c  power  neces¬ 
sary  for  the  set’s  operation  was 
obtained  by  using  a  standard  Ben- 
dix  train  radio  inverter. 


FREQUENCY  RESPONSE 


FMCOUCHCY  IN  CYCLES  FEN  SECOND 

It  may  be  noted  that  altho  the  perme¬ 
ability  of  magnetic  materials  drops  at 
low  flux  densities,  the  ADC  transformer 
has  sufficient  reserve  inductance  to  ah 
low  for  this  even  at  low  power  levels. 
At  40  db  below  maximum  power  level 
it  exceeds  the  response  guarantee.  In¬ 
sertion  los^  at  1,000  cps  was  0.75  db 


RMA  Mobilization  Plan 

To  SPREAD  the  military  prepared¬ 
ness  production  load  broadly 
throughout  the  radio  industry,  the 
RMA  industry  mobilization  policy 
committee  has  presented  a  plan  to 
the  Munitions  Board.  Aim  of  the 
plan  is  to  create  as  many  prime 
contractors  as  possible  and  get  the 
industry  as  a  whole  back  into 
government  business.  The  new 
committee  has  as  its  chairman  Fred 
R.  Lack  of  Western  Electric  Co. 

Included  in  the  detailed  recom¬ 
mendations  is  the  proposal  that  the 
government  appoint  a  four-man 
committee  consisting  of  three  mili¬ 
tary  officers  and  a  representative  of 
industry  to  properly  coordinate  and 
channel  current  procurement.  It 
was  al.so  recommended  that  the 
government  appoint  an  industry 
advisory  committee  to  act  as  con¬ 
sultants  and  technical  advisors  to 
the  four-man  procurement  com¬ 
mittee. 


600  OHMS 


600  OHMS 


300  OHMS 


The  most  common  interference  volt¬ 
ages  encountered  in  telephone  line 
transmission  are  longitudinal;  that  is, 
the  induced  voltages  in  both  wires  are 
in  phase  with  respect  to  ground.  'These 
can  be  removed  from  the  signal  volt¬ 
age  only  by  means  of  a  well  balanced 
line  transformer.  Illustration  "A” 
shows  the  test  circuit  used  to  measure 
the  degree  of  removal  of  these  inter¬ 
ference  voltages.  Level  reduction  on 
the  ADC  1 15A  transformer  was  67  db 
at  100  cps  and  56  db  at  10,000  cps. 


600 

OHMS 


300 

OHMS 


«»*•  «"•»*  (•  aiv*  v««  *** 
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Radiation  Detection  Display 

Instruments  for  radiation  detec¬ 
tion  in  the  industrial,  medical  and 
biological  applications  of  nuclear 


ELECTRONICS  — December,  )94i 


Insid*  P«rim«t«rs  from  .592'  to  19* 

With  specialized  experience  and  automatic 
equipment,  PARAMOUNT  produces  a 
wide  range  of  spiral  wound  paper  tubes 
to  meet  every  need  . . .  from  14'  to  30*  long, 
from  .592*  to  19'  inside  perimeter,  includ* 
ing  many  odd  sizes  of  square  and  rectan* 
gular  tubes.  Used  by  leading  manufacturers. 
Hi-Dielectric,  Hi-Strengtb.  Kraft,  Fish 
Paper,  Red  Rope,  or  any  combination, 
wound  on  automatic  machines. Tolerances 
plus  or  minus  .002'.  Made  to  your  specifi¬ 
cations  or  engineered  for  YOU. 


Design  engineers  and  manufaaurers  in  the 
radio,  elearical  and  elearonic  fields  arc 
finding  in  LAVITE  the  precise  qualities 
called  for  in  their  specifications  .  .  .  high 
compressive  and  dielectric  strength,  low 
moisture  absorption  and  resistance  to  rot, 
fumes,  acids,  and  high  heat.  The  exceed¬ 
ingly  low  loss-faaor  of  LAVITE  plus  its 
excdlent  workahilitv  makes  it  ideal  for  all 
high  frequency  applications. 


Complet*  deteilt  on  r*qunt 


PILOT  LIGHT 
ASSEMBLIES 


PLN  SERIES— Designed  for 
NE-51  Noon  Lamp 

Features 

•  THE  MilLTI-VUE  CAP 

•  BUEMN  RESISTOR 

•  110  or  220  VOLTS 

•  EXTREME  RUGfiEONESS 

•  eV  LOW  CURRENT 

Write  for  descriptive  booklet 


PREMAX 


All-Channel  Antenna 


The  DIAL  LIGHT  CD.  of  AMERICA 

FOREMOST  MANUFACTURER  OF  PILOT  UGHTS 

900  BROADWAY,  NEW  YORK  3,  N.  Y. 

Telephone — SPring  7-1300 


Large  or  Small 

rOUHD  or  RtCTRM"^''"  1 

PAPER  TUBES 


PAPER  TUBE  CORPe 


616  LAFAYITTE  ST.,  FORT  WAYNE  2,  IND.. 

M^ffttf/rtcfttrers  oj  Paper  Tubing  for  the  Electrical  Industry 


Horizontal 
Directivity  60  me. 


Horizontal 
Directivity  190  me. 


It's  simpler,  lower  in  cost,  easier  to  erect, 
has  oversize  elements  and  the  famous  ad- 
iustable  V  dipole  design  which  permits 
adjustment  in  both  horizontal  and  vertical 
planes.  Covers  all  12  channels.  List  $20. 
Send  for  test  chart,  full  details  and  Jobber 
discount. 


iPREMAX  PRODUCTS! 

[division  CHISHOLM-RYDER  CO.,  INC. 


4902  Highland  Avo.,  Niagara  Falls,  N.  Y. 


0.  M.  STEWARD  HFG.  COMPANY 

Mom  Officm  ft  Work,:  Chqttonooao,  T.nn 
N'erdhom,  Mos5  •  Chico<)0  -.lo^  AnO.lei 
New  to'k  •  Philadelphia 
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news  of  the  industry  (cMtiniMd) 

energy  are  being  given  a  compre¬ 
hensive  display  a  conference  on 
electronic  instrumentation  in  nucle¬ 
onics  and  medicine  in  New  York, 
November  29  through  December  1. 
The  Atomic  Energy  Commision’s 
exhibit  will  include  22  types  of 
basic  instruments  manufactured  by 
20  commercial  companies. 

The  purpose  of  the  conference  is 
to  show  the  problems  facing  utiliza¬ 
tion  of  atomic  energy  and  the  need 
for  cooperation  among  electronic 
engineers,  physical  scientists  and 
medical  doctors.  Over  twenty 
papers  are  being  presented  by  vari¬ 
ous  authorities  in  the  atomic  energy 
research  and  development  field. 


INDUSTRIAL 

ELECTRONIC 

TESTING 


South  American  Television 

Transmitting  Equipment  for 
South  America’s  first  television  sta¬ 
tion  was  recently  sold  by  General 
Electric  Co.  to  Cesar  Ladeira,  one 
of  the  founders  of  Radio  Televisao 
do  Brazil.  Television  service,  ex¬ 
pected  to  be  functioning  within  a 
year,  will  be  operated  in  collabora¬ 
tion  with  Radio  Mayrink  Veiga, 
PRA-9,  of  Rio  de  Janeiro. 

The  transmitter  will  have  5-kw 
power  rating,  which  will  make  it 
comparable  in  strength  to  stations 
operating  now  in  the  U.  S.  The 
system  will  operate  on  American 
standards  of  525  lines,  30  frames 
and  60  fields  in  black  and  white. 

The  laboratory  includes  a  high- 
voltage  section,  a  pilot  plant, 
a  chemical  and  metallurgical  area, 
and  a  photo-technical  department. 


Check  — Measure— Test  — with  the  G*E  Industrial  Oscilloscope. 

The  following  partial  list  of  uses  will  indicate  its  imponance  where 
ever  electrical  apparatus  is  employed. 

For  checking  welding  equipment,  testing  photo-electric  circuits, 
checking  performance  of  relay  contacts,  performance  of  high  power 
rectifier  tubes,  measuring  voltage  and  current  relationship  in  motors, 
performance  of  commutators,  checking  audio  oscillators  — the  YNA-4 
Industrial  Oscilloscope  performs  all  these  important  checking  and 
testing  functions  most  efficiently. 


examine  voltages  from  1.0  volt  to  500 
volts  and  Jts  input  impedance  may 
be  switch^  from  1  megohm  to  10 
megohms  '*^  to -Open  grid."  " 

Horizontal  Amplifier— direct  coupled 
input  terminals  are  provided  or  the 
built-in  sweep  generator  may  -  be 
Completely  Insulated  Com— Since  the  used  for  horizontal  deflection.  This 

entire  unit  is  insulated,  it  may  be  generator  may  be  synchronized  with 
operated  as  high  as  350  volts  above  the  power  line,  the  vertical  ampli- 
ground.  Instrument  may  be  placed  fier  or  with  an  external  source, 
on  metal  working  surfaces, 
machinery,  and  other  advantageous 
working  spots  even  when  connected 
to  ungrounded  circuits. 

Internal  Calibrating  Voltages— The 

YNA-4  provides  internal  calibrating 
voltages  of  known  value  to  enable 
the  operator  to  set  the  deflection 
sensitivity  of  the  oscilloscope.  Func¬ 
tions  as  a  vacuum  tube  voltmeter 
permitting  AC  and  DC  voltage 
measurements  without  a  voltmeter. 


D-C  Amplifiers  for  Horizontal  and 
Vertical  Deflection— Give  a  true  trace 
combining  both  the  AC  and  DC 
components  important  for  industrial 
purposes  which  is  not  possible  with 
the  ordinary  oscilloscope  used  ‘in 
radio  work. 


Wide  Sweep  Frequency  Range— The 

YNA-4  has  been  designed  so  that 
the  operator  can  observe  separate 
cycles  over  a  wide  band  of  fre¬ 
quencies.  A  minimum  sweep  rate  of 
10  cycles  has  been  established  as 
desirable  for  industrial  operations— 
this  has  been  incorporated  in  YNA-4. 


Technical  Information 
Committee 

A  Special  Committee  on  Technical 
Information  has  been  formed  by 
Vannevar  Bush,  chairman  of  the 
Research  and  Development  Board, 
to  promote  effective  exchange  of  re¬ 
search  and  development  informa¬ 
tion  among  the  departments  of  the 
National  Military  Establishment. 
Detlev  W.  Bronk,  president  of 
Johns  Hopkins -University,  is  chair¬ 
man  of  the  new  group.  Other 
members  include:  John  E.  Bur- 
chard,  Dean  of  Humanities,  MlT; 
Herman  Henkle,  director  of  the 
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Flexible  Input  Circuits —Vertical 
Amplifier —  varied  inputs  are  avail¬ 
able  to  accommodate  a  wide  range 
of  voltages  and  circuit  requirements. 
This  oscilloscope  may  be  used  to 
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High,SensiiMty  . . .  Logarithmic 

AC  VOLTMETER 

50  MICROVOLTS  TO  500  VOLTS 


SELF-CONTAINED 
ALL  AC  OPEIATED  UNIT 

An  •xtreiMly  seiisitiv*  am- 
plifiar  typ«  instnimcnt  that 
tarvM  simultaneously  at  a 
voltmeter  and  high  gaia 
amplifier. 

•  Accerocy  :h2%  from  IS 
cycles  to  30  kc. 

from  30  kc.  te 

lOoTcc. 

•  lepiit  Impedance  1  nAp- 
okm  pies  15  iiiif.  tliKt 
copoclty. 

•  Amplifier  Gain  40000 


MODEL  47  VOLTMETER 


Abo  MODEL  45 
WIDE  BAND 
VOLTMETER 
.0005  to  500  VelHI 
5  Cycles  1600  kc. 


\ 


A  few  of  the 

9  Oetput  indicator  for  micropbonet  of  all 
types. 

•  Lew  level  phonograph  picfcnps. 

•  Accebration  and  other  vibration  meosur- 
Ing  pickups. 

•  Sound  bvel  measurements. 


many  uses: 

9  Gain  and  freguency  meosurements  for  oil 
types  of  audio  egulpment. 

•  Densitometric  measurements  in  photog¬ 
raphy  and  film  production. 

•  Light  flux  measurements  in  conjunction 
with  photocells. 


Write  for  Complete  Information 


Instrument  Dectronics 


42-17A  Dougloston  Parkway 
DOUGLASTON,  L.  I.,  N.  Y. 


EISLER 

ELECTRICAL  &  ELECTRONIC 

EQUIPMENT 

ELECTRONIC  TUBE  EQUIPMENT 

36  HEAD 
RADIO  TUBE 
EXHAUSTING 
MACHINE 


We  Maks 
Complete 
Equipment 
For  The 
Manufacture 
Of  Incandes¬ 
cent  Lamps 
Radio  and  Elec¬ 
tronic  Tubes. 

TRANSFORMERS  OF  ALL  TYPES 

For 

LIGHTING 
power" 

■FURNACES 
PHASE 
CHANGING 
DISTRIBUTION 
ETC. 

• 

Air.  Oil, 
or  Wafer 
Cooled 


SIZES  1/4  to  250  KVA 

SPOT  WELDERS 

OF  ALL  TYPES 
FOR  ALL  PURPOSES 
SIZES  </4  to  250  KVA 
Butt  Welders  •  Gun  Welders 
Arc  Welders 
Neon  Sign  Units 
Fluorescent  Tube 
Manufacturing  Equipment 

CHAS.  EISLER 

EISLER  ENGINEERING  CO.,  INC. 

7SI  Be.  I3lh  8t  (Neer  Avon  Ave.),  Newnrft  3.  N.  J. 


CHECK  THESE  FEATURES 

Two  continuously  variable  B  supplies, 
from  0  to  300  volts  at  currents  up  to 
120  mo. 

One  continuously  'variable  C  supply, 
from  minus  50  to  plus  50  volts  at  5  ma. 


MULTIPr-L||pp|y 


ADVANTAGES 


One  heater  supply,  volts  A.  C.  at 
5  amperes. 

Power  requirements:  105  to  125  volts, 
50  to  60  cycles. 

Two  5Y3  rectifiers,  two  6Y6  control 
tubes. 

Length  16",  height  8",  depth  iVa'. 
Wgt.  28  lbs. 


Four  commonly  used  voltages  from  a  single 
compoct  unit. 

B  supplies  cannot  be  burned  out  even  if 
terminals  are  shorted. 

Control  circuit  eliminates  the  use  of  heavy 
duty  power  potential  dividers. 

Complete  voltage  control  from  the  front  panel. 
All  connections  made  to  sturdy  front  panel 
binding  posts. 

Voltages  are  isolated  from  the  chassis. 


The  Kepco  Multiple  Power  Supply  is  now  widely  u$ed  in  schools  and 
industrial  laboratories. 


epco 

.  ELECTRONIC  INSTRUMENTS 


For  complete  details 
Address  Dept.  K-i 

Kepco  Laboratories, 
Inc. 

149-14  41st  Avenue 
Flushing,  N.  Y. 


The  Latest  News  of  Science 
Now  Yours  in  One  Big  Magazine! 


Now  at  last  you  can  keep  up  with  the  new 
inventions  and  discoveries  of  science  that 
affect  you  and  your  industry.  Every  month 
Science  Illustrated  is  filled  with  new  ad¬ 
vances  in  vital  fields ...  Electricity,  Con- 
Btruction,  Aviation,  Atomic  Energy,  Radio, 
Synthetics,  Mining,  Chemistry,  Electronics, 
Home  Appliances,  etc. 

Science  Illustrated  shows  you  new  products 
and  designs  and  explains  why,  when  and 
how  they  were  made.  Every  monthly  issue 
is  packed  with  30  complete,  authentic  arti¬ 
cles  and  140  photographs,  diagrams. 

ORDER  NOW  AND  SAVE  $4! 

You  can  order  36  big  issues  of  Scietwe  Illus¬ 
trated  (3  full  years)  for  ONLY  $5!  This 
special  rate  sat^es  you  $4  over  the  one-year 
price.  We’ll  start  your  subscription  with  the 
big  new  issue  now  on  the  press— >/  you  order 
w^in  10  days! 

MAILTHIS  ORDER  FORM  TODAYI 


Science  lUntreted  ELI2 

330  West  42nil  Street,  N.  Y.  18,  N.  Y. 

YES!  I  eceept  your  ipccial  offer.  Start  my  subKrip- 
tion  to  Science  llkutrated  with  the  new  iHue  now 
on  prcM. 

B  I  prefer  2  yra.  at  $4  (Savet  me  $2  compared  with 
the  1-yr.  rate) 

■  1  prefer  3  yra.  at  fS  (Savet  me  $4) 

1  ^efer  1  yr.  at  $3 

Q  BUI  me  later  □  Payment  enclosed 


I _ 
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news  of  the  industry 


(continutd) 


John  Crerar  Library ;  Lt.  Col.  F.  L. 
Walker,  Jr.,  Army;  Capt.  W.  H. 
Leahy,  Navy;  and  Col.  Bernard  A. 
Schriever,  Air  Force.  Norman  T. 
Ball  is  executive  director. 


No  Change  in 
Operator  License  Rules 

Last  Year's  Proposal  to  provide 
for  three  classes  of  radio  operator 
licenses  has  been  abandoned  by  the 
FCC.  The  Commission  finds  no 
justification  for  the  proposed  rules 
or  for  any  substantial  changes  in 
present  rules,  provided  that  quali¬ 
fying  examinations  are  kept  up  to 
date  in  relation  to  developments  in 
the  broadcast  radio  art  through  ap¬ 
propriate  periodic  revisions. 


British  TV  System  to  Stay 

To  Prevent  the  Sets  now  in  use 
from  becoming  obsolete,  the  British 
Broadcasting  Corporation’s  tele¬ 
vision  advisory  committee  has  ad¬ 
vised  the  Postmaster  General  to 
make  no  technical  changes  which 
would  involve  a  change  in  the 
present  television  system. 

The  London  television  station 
will  continue  to  operate  for  a  num¬ 
ber  of  years  on  the  present  405-line 
system.  The  same  system  is  being 
adopted  for  the  Midlands  station 
and  is  proposed  for  other  British 
stations.  Frequencies  for  vision 
and  sound  will  be  in  the  neighbor¬ 
hood  of  60  me.  Alternative  radio 
and  cable  links  are  being  provided 
to  make  television  available  to  more 
of  the  population. 


BUSINESS  NEWS 

Radio  Corp.  of  America  and  its 
subsidiaries  have  been  granted  a 
license  under  the  radar  develop¬ 
ment  patents  owned  by  Raytheon 
Mfg.  Co.,  Waltham,  Mass. 

Nuclear  Instrument  Chemical 
Corp.  is  the  new  name  of  Instru¬ 
ment  Development  Laboratories, 
Inc,,  Chicago,  Ill.  Products  include 
instruments  for  nuclear  and  radio¬ 
activity  measurement. 

Ransburg  Electro-Coating  Corp., 
Indianapolis,  Ind.,  has  available  a 


Now,  one  crystal  unit  will  accommodate 
all  aircraft  communications  equipment 
applications.  The  RH-7B-68  crystal  unit 
is  available  for  commercial  airline  radio 
over  a  frequency  range  of  1  to  75  me. 
This  unit,  too,  can  be  made  to  Army- 
Navy  specifications  or  to  fit  your  par¬ 
ticular  application.  Why  not  standardize 
now,  on  one.' 


For  complete  information  write  for  Bulletin  RHC-X 


REEVES^^  HOFFMAN 

CORPORATION  ^ 

CHERRY  AND  NORTH  STT.EETS  •  CARLISLE,  PA. 
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MACALLBN  MICA 

\ 

ALb  FORMS,  ALL  QUANTITIES'—  ALL  DEPENDABLE  J 


The  days  of  "file  and  fit"  went  out  when  volume 
methods  come  in.  The  modern  assembly  line  in 
large  production  plants  is  in  itself  so  dramatically 
arresting  a  spectacle  that  the  "feeder  lines",  of 
which  there  are  hundreds  in  eve^  volume  industry, 
are  lost  sight  of.  Just  as  mighty  rivers  exist  only 
because  of  the  less  majestic  tributaries,  so  the 
production  line  is  dependent  upon  sources  of 
supply  so  unvarying  in  flow  and  quality,  that  every 
part  is  ready  and  right  to  "fall  into  place"  with 
mechanical  precision  and  constant  supply.  Our 
production  line  has  been  standardized  to  a  degree 
of  uniformity  attainable  only  through  long-time 
development  of  machines,  controls  and  skilled 
workmen. 

MACALLEN  MICA 

A  product  developed  for  big  business 
through  serving  the  needs  and  keeping 
the  pace  of  big  business.  Obviously  best 
to  help  small  business  grow  bigger. 


when  you  think  of  MICA,  think  of  MACALLEN 


THE  MACALLEN  COMPANY  •  16  MACALLEN  ST.,  BOSTON  27.  MASS. 

CHICAGO:  S6S  W.-  WASHINGTON  BlVD.  •  CtfVflANO.  123  t  SUfSBIOB  AVI. 


NEWS  OF  THE  INDUSTIT  (cMtinnwi) 

16-mm  film  covering  their  electro¬ 
static  detearing  and  spray  finishing 
processes. 

Clarostat  Mfg.  Co.,  Inc.,  has 
moved  from  Brooklyn,  N.  Y.,  to  a 
block-long  plant  in  Dover,  N.  H., 
providing  over  250,000  sq  ft  of 
floor  space  to  expand  operations 
and  add  various  radio-electronic 
specialties  to  its  line. 

Western  Electric  Co.,  Inc.,  re- 
I  rently  opened  a  new  plant  on  a  50- 
acre  tract  two  miles  east  of  Allen¬ 
town,  Pa.,  for  the  manufacture  of 
tubes  and  other  precision  electronic 


Administration  building  (loft)  and  mcmn- 
iacturing  building  of  Wostora  Eloctric's 
Allentown  plant 


I  equipment.  Cost  of  the  plant,  which 
i  will  employ  about  2,500  people,  is 
j  estimated  at  over  $10,000,000. 

Mekelek,  Inc.,  Highland  Mills, 
N.  Y.,  was  recently  organized  for 
the  production  of  electronic  devices, 
particularly  sound  apparatus. 

World  Industries,  Inc.,  Dayton, 
Ohio,  has  been  incorporated  to 
manufacture  electronic  and  other 
produbts  and  to  operate  research 
and  development  laboratories. 

Lennox  Industries,  Inc.,  Cleve¬ 
land,  Ohio,  has  been  incorporated 
for  the  manufacture  of  electronic 
devices. 

Fairchild  Recording  Equipment 
CoRP.,  New  York,  N.  Y.,  was  re¬ 
cently  formed  to  combine  the  manu¬ 
facture  and  sale  of  a  new  magnetic 
tape  recorder  with  Fairchild  Cam¬ 
era  and  Instrument  Corporation’s 
line  of  recording  and  sound  equip¬ 
ment. 

Stromberg-Carlson  Co.  recently 
broke  ground  atop  Pinnacle  Hill, 
Rochester,  N.  Y.,  for  television  sta¬ 
tion  WHTM.  The  tower  will  also  be 
able  to  support  two  f-m  antennas 
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For  Proof  Beyoitd  Compare 


Try 

RUBYFLUID 

Soldering  Flux 
Send  for  Ruby's  $1  Offer 

For  $1  Ruby  will  send  you  1  pint  oi 
liquid,  one  hall  pound  oi  paste 
soldering  ilux  and  a  new  booklet 
on  "How  to  Solder." 

Take  advantage  oi  this  oiier  now! 
Send  your  $1  today  to — 

RUBY  CHEMICAL  CO. 

59  McOOWELL  ST. 
COLUMBUS,  OHIO 


MANUFACTURERS  'y  ^ 

Please  Observe: 


SYNCHRON  Timing  Motors 
are  Patented 

These  active  patents  apply  to  SYNCHRON  Motors,  printed  on  every 
motor  which  leaves  our  factory: 


1,864,650 

2,237,959 

2,283,363 

2,128,141 

2,237,960 

2,295,786 

2,128,142 

2,237,961 

2,304,688 

2,143,653 

2,237,962 

2,305,963 

2,155,266 

2,256,711 

2,323,035 

2,202,693 

2,274,957 

2,332,634 

2,219,388 

2,289,495 

2,349,620 

2,237,958 

2,298,373 

May  we  suggest  that  if  you  need  timing  motors,  let  us  build  them 
for  you.  We  make  them  in  large  quantitfes— at  prices  difficult  to 
duplicate — and  you  can  avoid  costly  patent  litigation  and  develop¬ 
ment  expense.  Catalog  and  engineering  data  on  SYNCHRON  Tim¬ 
ing  Motors,  Time  Machines,  and  Clock  Movements  will  be  mailed 
promptly  on  request. 

HANSEN  MANUFACTURING  CO.,  INC. 
PRINCETON  10,  INDIANA 

Established  1907 — A  Pioneer  In  Synchronous  Motors 


BIRTCHER 

STAINLESS  STEEL  -  LOCKING  TYPE 

TUBE 

CLAMPS 


Stoinlots 

Stool 


Corrotio 

Proof 


83  VARIATIONS 

Where  vibration  is  a  problem,  Birtcher 
Locking  TUBE  CLAMPS  offer  o  foolproof, 
practical  solution.  Recommended  for  gji 
types  of  tubes  and  similar  plug-in  com¬ 
ponents. 

More  than  three  million  of  these 
clamps  in  use. 

FREE  CATALOG 

Send  for  tamplet  of  Birtcher  stainless 
steel  tube  clomps  and  our  standard  cata¬ 
log  listing  tubebose  types,  recommended 
clamp  desigrss,  and  price  list. 


THE  BIRTCHER  CORPORATION 

soar  HUNTINGTON  DR.  lOS  ANGflfS  32 


and  accuraUfyi 


MODEL  3  Ip 

IlLUSWATIO 

PRICE  M85«* 


count  accurately  or  wear  rap¬ 
idly  because  of  counting  speed. 
One  of  the  well-known  Potter 


electronic  counter  decades  is 
used  to  scale  down  the  operat¬ 
ing  speed  of  a  reliable  electro¬ 
mechanical  register.  In  the 
Model  310,  the  photo-electric 
"eye”  is  located  inside  the 
cabinet  and  the  light  enters 
through  a  small  window  at  the 
rear.  In  the  Model  312,  the 
photo-electric  "eye”  is  housed 
separately  for  remote  count¬ 
ing.  Small  objects  as  well  as 
closely  spaced  parts  can  be  ac¬ 
curately  counted  since  the 
width  of  the  photo-electric 
beam  is  only  ‘/4  inch,  and  does 
not  require  complete  interrup¬ 
tion  for  actuation.  Another  ver¬ 
sion,  the  Model  311.  uses  an 
electromagnetic  pick-up  coil 
for  counting  shaft  rotation 
without  contact. 

For  complete  literature  or  consul¬ 
tation  on  high  speed  counting, 
timing  and  control  problems  coll 
or  write  Dept.  6-S. 


NEW  POTTER 

PHOTO-ELECTRONIC 

COUNTER 

"A  High  speed— Tounts  at  rotes  up  to  AOOO  per  minute 

A  long  life— mechanical  register  operates  at  only  1/10 
normal  rato 

A  Diroct  reading— units  digit  it  read  from  efoctronlc 
countor,  othtr  digits  from  mechanical  counter 

A  Accurate — mechanical  register  not  affected  by  detec¬ 
tor  "on-off”  lime 

A  Compact  —  completely  self-contained,  no  wiriag  re¬ 
quired,  easy  to  install 

A  Flexible — self-contained  “eye”,  separate  “eye”  or 
electromagnetic  pick-up  coil  may  bo  used  for  actuation 


POTTER  INSTRUMENT  COMPANY 

136-56  ROOSEVELT  AVENUE  -  FLUSHING  •  NEW  YORK 
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Speedy 

Accurate 

Testing 

1.  Resistance  Testing 


TIm  No.  90711 

Variabls  Frequency  Oscillator 

Tb«  No.  90711  U  m  complete  trenemitter 
control  unit  with  SSK7  tempereture-K:om- 
penMted*  electron  coufJed  oecillator  of 
exceptional  stability  and  low  drift,  a  €SK7 
broad-band  buffer  or  frMuency  doubler,  a 
€A€7  tuned  amplifier  whicn 'tracks  with  the 
oscillator  tuning,  and  a  regulated  power 
supply.  Output  sufficient  to  drive  an  807  is 
available  on  160,  80  and  40  meters  and  reduced 
output  is  available  on  20  meters.  Close  fre¬ 
quency  settbic  is  obtained  by  means  of  the  * 
vernier  control  arm  at  the  rirht  of  the  dial. 
Since  the  output  is  isolated  from  the  oscillator 
by  two  stares,  sero  frequency  shift  occurs 
when  the  output  load  is  varied  from  open 
circuit  to  short  circuit.  The  entire  unit  is 
unusually  solidly  built  so  that  no  frequency 
shift  occurs  due  to  vibration.  The  keying  is 
clean  and  free  from  all  annoying  chirp,  quick 
drift,  jump,  and  similar  difficulties  often 
encountered  in  keying  variable  frequency 
'  oscillators. 


JAMES  MILLEN 
MFG.  CO.,  INC. 

MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


NEWS  OF  THE  INDUSTRY  (centiiiaad) 

and  two  more  television  antennas. 
Since  Rochester  is  allotted  three 
channels  it  is  expected  that  future 
licensees  will  take  advantage  of 
Stromberg-Carlson’s  offer  to  share 
the  tower,  so  that  residents  may 
angle  their  receiver  antennas  at 
one  location  for  a  choice  of  three 
programs. 

Lectrohm,  Inc.,  Chicago,  Ill.,  has 
moved  to  larger  quarters  at  5939 
Archer  Ave.  in  that  c|ty,  to  increase 
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N«w  Lectrohm  plant 

production  of  vitreous  enamel  re¬ 
sistors  and  electric  solder  pots. 

General  Electric  Research  Lab¬ 
oratory  has  built  its  fourth  beta¬ 
tron,  a  50-million  volt  device  for 
producing  high-energy  x-rays  for 
use  in  cancer  treatment. 

PERSONNEL 

Leland  J.  Haworth,  associated 
with  the  Brookhaven  National  Lab¬ 
oratory  since  August  1947,  has 
been  promoted  from  acting  director 
to  director  of  this  atomic  research 
center.  During  the  war  he  served 
with  the  MIT  Radiation  Laboratory 
in  radar  development. 

Newbern  Smith,  a  member  of  the 
National  Bureau  of  Standards  staff 
since  1935, 'has  been  appointed  chief 
of  the  NBS  Central  Radio  Propaga¬ 
tion  Laboratory. 

Harold  P.  Knauss  has  resigned  as 
director  of  research  and  develop¬ 
ment  at  the  Mound  Laboratory, 
Miamisburg,  Ohio,  to  become  head 
of  the  department  of  physics  at  the 
University  of  Connecticut.  During 
the  war  he  worked  on  submarine 
detection  at  Harvard  Underwater 
Sound  Lab  and  at  Submarine  Sig¬ 
nal  Co. 

Timothy  E.  Shea,  after  28  years 
with  Western  Electric’s  engineer- 


LIMIT  BRIDGES 

For  high  speed  testing  of  resistors,  coils, 
heater  elements  and  similar  products  in  pro¬ 
duction  quantities  where  costs  must  be  mini¬ 
mized.  Designed  for  use  by  non-sicilled 
operators,  they  are  capable  of  checking  as 
many  as  2000  items  per  hour.  Ranges  from 
1  ohm  to  10  megohms.  Simple  and  sturdy, 
these  instruments  will  withstand  hard  usage 
for  many  years.  Described  in  Bulletin  100. 

2.  Shorted-Turn  Testing 


COIL 
TESTERS 

For  detecting  shorted  turns  or  opens  in  coil 
windings  of  nearly  every  variety.  Speeds  of 
2000  items  per  hour  easily  attained  with 
non-skilled  personnel.  Will  readily  detect  a 
single  shorted  turn  of  No.  44  copper  wire. 
Operation  at  60  cycles  assures  substantial 
freedom  from  capacity  effects.  Simple  and 
sturdy  for  long  service  under  hard  usage. 
By  detecting  defective  windings  at  negli¬ 
gible  cost  before  assembly  into  completed 
units,  these  instruments  greatly  increase 
production  efficiency  and  contribute  to 
product  quality.  Described  in  Bulletin  109. 
A'Other  Rubicon  Products; 

Wheatstone,  Kelvin  ond  Mueller  Bridges;  Potenti¬ 
ometers  for  precise  measurement  of  DC  voltages; 
Golvonometers.’Photo-electric  Colorimeters;Sanford- 
Bennett  High  H  Permeometers;  Magnetometers  for 
intercomparing  permanent  magnets,  literature 
on  request. 


RUBICON  COMPANY 

Electrical  Instrument  Makers 

3757  Ridge  Avenue  •  Philadelphia  32,  Pa. 
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PROBLEM:  A  group  of  re¬ 
search  physicists  associated 
with  a  inojor  photographic 
equipment  supply  manufac¬ 
turing  company  required  a 
0-40  KV  DC  reversible  polar¬ 
ity  power  supply.  Low  ripple 
was  essential. 


MORE  and  MORE 

MANUFACTURERS  ARE  USING 

HILLBURN 

Quality 

VIDEO  and  SOUND 
TRANSFORMERS 
and  COMPONENTS 

Over  200,000  Hillburn  Video  and 
Sound  Transformers  are  now  in 
use  in  more  than  33,000  sets 
throughout  the  country. 

•  Hor.  linearity  coils 

•  Video  peaking  coils 

•  Size  controls 

•  4.5  me  INTERCARRIER 
coil  components 

•  4.5  me  Sound  coils 

•  4.5  me  Ratio  detector 

•  A.F.C.  Coils 

•  Transformers  and  components  both 
stock  and  to  specification. 

Send  for  Descriptive  Literature 

©  Bonaamm  ^ 

ELECTRONIC  PRODUCTS  CO. 

55  Nassau  Ave.  Brooklyn  22,  N.  Y. 


FrequMcy  Shift  ConT*rt*r 
Type  107  Model  2 


FOR  TELETYPE  RECEPTION 

Convorts  any  reeoiror  with  B.  F.  O.  into  tolotyp*  operation.  Hen  dual  input  and 
combining  feerture  for  diTorsity  reception.  Audio  frequency  type.  Dual  channel 
gemged  diecriminator.  ProTided  with  demodulator  icMdlities  for  CW-ICW.  Over 
60  DB  limiting  cmd  epeciol  diacrimination  for  mcKimum  eignol  to  noUe  ratio. 
Toleratee  receieer  or  transmitter  frequency  drifts  of  ±  400  cycles  in  050  cycle  FS 
operation.  Also  oroilable  with  linear  output  for  facsimile. 


NEW  and  novel  tuning  and  monitoring  fea¬ 
ture  on  2"  scope  allows  tuning  of  signal 
either  in  standby  or  while  keying,  which  makes 
tune  up  a  matter  of  seconds. 


FOB  OTHER  FREQUENCY  SHIFT  TERMINAL  EQUIPMENT  SEE  OUR 
ADVERTISEMENT  PAGE  #190-191  ELECTRONICS  BUYERS  GUIDE. 

Incorporated 
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BETA  HIGH  VOLTAGE 
POWER  SUPPLIES 


MAJOR  SPECIFICATIONS 

Input:  I  IS  volts,  SO/W  eyclaa;  200  volt-ampern. 
Output:  0-40  KV  DC;  Variae  controlled.  Either 
poiitlva  or  nesative  polarity  a<  deeirad. 

Output  Current:  More  than  200  oS  at  40  KV. 
Lett  than  1%  ripple. 

Size: 21' X  IB's 48* 

Iniulatlon:  Air  intulation  throughout. 


Power  Supplies  up  to  200,000  volts  DC.  reg 
luted  or  unregulated,  built  to  spocificotior 
Compactness,  low  cost  and  rapid  delive 
featured.  Submit  your  high  voltago  pom 
supply  roquiromonts  to  us  for  a  prompt  b 
on  price  ond  dolivory. 

Other  BETA  products  include: 
KILOVOLTMETERS  up  to  SO  KV. 

PORTABLE  0-30  KV  OC  POWER  8UPPLIE 
ELECTRONIC  MICROAMMETERS  —  0.01 
full-scale. 

Send  for  descriptive  literature 
Field  engineers  throughout  the  country  o 
at  your  service  to  discuss  our  product!  mo 
thoroughly  with  you. 


RCA 

presents  the 

LC-4B 

Acoustically  engineered  lo  give  the 
finest  in  listening  pleasure  ot  the 
lowest  cost. 


•  From  the  laboratories  and  factory  of  RCA  which 
have  produced  the  speaker  equipment  now  used 
in  some  of  the  world’s  largest  and  finest  theatres, 
auditoriums,  and  studios  comes  a  NEW  Console 
!  Reproducer — the  LC-4B.  This  unit  combines  the 
:  exceptional  frequency  characteristics  of  a  unique, 
low  distortion,  low  frequency  speaker  and  a  bril- 
I  liant,  high  efficiency,  horn  type  tweeter  in  a  func- 
j  tionally  designed  cabinet  with  natural  or  .walnut 
'  finish.  You  can  now  realize  the  full  tonal  range, 
j  richness,  and  color  of  FM  Radio  and  wide  range 
j  recordings  at  a  new  low  price. 


Mate*  tha  RCA  Sound  Products  OIttributors  in  your  torritory  YOUR  SOUND  HIADQUARTIRS. 


Froquoncy  rang*  75  to  13,000  cyclos 
SensHtvily  97  db  (Mooturod  wHh  IMV 
•  signal  at  4  ft.)  Impodancs  7.S  ohms 
Power  Handling  Capacity  20  watts. 
Weight  44  lbs. 

Suggested  list  IC-4A,  Complete  $161.00 


Frequency  renge  60  to  13,000  cycles 
Sensitivity  94  db  (Meetured  with  IMV 
signal  at  4  ft.)  Impedance  7.S  ohms 
Power  Hendlirtg  Capacity  K)  watts. 

,  Weight  44  lbs. 

Suggested  list  IC-4B,  Complete  $163. SO 


SPECIFICATIONS  LC-4A 


MouMo  mmoDuers 

RADIO  CORPORATIOM  of  AMERICA 

tmaimeemiua  mmoouer*  oi^amrmtmr.  eamotm.  m.j. 


brCMeSs:  SC  A  VICTOC  CMnpMr  UibiMA  IS««*s«I 


SPECIFICATIONS  LC-49 
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Ribbon  rolled  to  .0001”  thickness 


Alloys  for  Special  requirements 


WRITE  for  list  of  stock  olloys. 


THE  BARRY  CORPORATION 

Formerly  1.  N  BARRY  CO.,  INC. 

^  17/  SIDNEY  STREET 

CA.V,  BRIDGE,  MASS 


(coaHaaMi) 


New  Design 
Vibration  Isolator 
with  Air  Damping 


ing  department  and  Bell  Telephone 
Laboratories;  and  most  recently 
assistant  engineer  of  manufacture 
for  Western  Electric  Co.,  has  been 
elected  president  and  a  director  of 
the  Teletype  Corp.  Early  in  his 
career  he  developed  filters  and  net¬ 
works  used  for  transatlantic  radio, 
carrier  telephony  and  television. 
He  holds  the  Medal  for  Merit  and  is 
author  of  “Transmission  Networks 
and  Wave  Filters." 


BARRYMOUNT  TYPE  770 
INSTRUMENT  VIBRATION 
ISOLATOR 

Revolntionary  new  design  ntilizing 
air  damping  to  limit  excursion  at 
resonance.  Metalic  aonJinear  springs 
give  constant  -tesonant  frequencies 
throughout  a  two  to  one  load  range. 
Unaffected  by  high  or  low  tempera¬ 
tures.  For  all  types  of  light  weight 
instruments  and  other  applications 
where  a  high  degree  of  isolation  is 
required. 


T.  E.  Shea  T.  M.  Liimatainen 

Toivo  M.  Liimatainen,  formerly 
associated  with  Sylvania  Electric 
Products  Co.,  has  been  appointed  to 
the  staff  of  the  Electron  Tube  Lab¬ 
oratory,  National  Bureau  of  Stand¬ 
ards,  to  work  on  the  engineering 
and  development  of  microwave 
tubes. 

Sydney  Cramer,  formerly  televi¬ 
sion  development  engineer  with 
GE,  has  joined  Paramount  Pictures 
television  group  in  the  same  ca¬ 
pacity. 

Rodney  D.  Chipp,  previously  with 
NBC,  has  been  promoted  from 
assistant  chief  engineer  to  director 
of  engineering  for  the  DuMont  tele¬ 
vision  network. 

H.  U.  Hjermstad,  former  vice- 
president  in  charge  of  manufactur¬ 
ing  and  engineering  at  Federal  En¬ 
terprises,  Inc.,  has  been  appointed 
assistant  to  the  president  of  Sola 
Electric  Co.,  Chicago,  Ill. 

G.  Lester  Jones,  formerly  associ¬ 
ated  with  automatic  pilot  develop¬ 
ment  at  Sperry  Gyroscope  Co.  and 
prior  to  that,  chief  engineer  of 
Sperry  Products  Co.,  was  recently 
appointed  chief  engineer  of  Lear, 
Inc.,  Grand  Rapids,  Michigan. 

Howard  R.  Boyle,  formerly  affili¬ 
ated  with  Sylvania  Electric  Prod¬ 
ucts  and  Sperry  Gyroscope  Co., 
has  been  appointed  chief  engineer 
of  the  key.  station  of  the  Far  East 


Similar  lypa  ayailable  in  larger  aisei 


BARRYMOUNTS  Control 
VIBRATION  and  IMPACT 


Standard  Barrymonnta  are  available 
for  all  aiaea  of  mechanical,  electrical, 
and  electronic  instmments  in  com¬ 
mercial  indnstrial,  and  military  appli¬ 
cations — also  an  engineering  consult¬ 
ing  aervice  on  special  problems. 

SEND  FOR  BARRY  CATALOG 

If  yon  haven’t  sent  for  the  New 
Barry  Catalog,  be  sure  to  fill  ont  the 
coupon  below  for  yonr  Free  copy  of 
this  16  page  booklet. 


Name 


Catalog 

Number 

Load  Rame 
in  Pounds 

770-2 

1  to  2 

?70-3 

U  to  3 

770-4  ' 

2f  to  ^ 

770-6 

3  to  6 

2)0 


Dtetmbtr,  IMt  — ELECTRONICS 


_  j 

VOLTA  ;E  or  2«V  'WITH  AMrtltlTf 
^  BATTEHY  &  CHARGER  j  VOLTAGE  VARIES 
- -  VARIES  APPROX  ,  ONLY 


MPERITE  CO.,  561  Broadway,  _New  York  1  2  ,  N.  Y. 

r  In  Canada:  Atlas  Radio  Corp..  L'd  ,  360  King  3t.,  W.  Toronto 


AMPims  REGULATORS 


BAACH-DfTERNATIONAL 


Tektronix  Announces... 


OlHMIMlOfU 
24''x24''x72~  high 


EIGHT  HEAD 
HOT-CUT 
FLARE  MACHINE 

• 

AxtonKitic  throughout. 

Con  bo  synchronized 
with  automatic  Stem 
machine. 

Cuts  off  and  flares  in 
one  operation. 
Production  12S0  flares 
per  hour.  For  minia¬ 
ture  flares,  fluores¬ 
cent  starters,  stand¬ 
ard  size  lamps,  fluo¬ 
rescent  and  radio 
tubes. 

RANGE  OF  MACHINE 
Glass  tubing 
27  to  45  gauge 

Length  of  flans 
5  mm.  to  80  mm. 

Forms  flares  up  to 
47  mm.  diom. 

Net  weight,  960  lbs. 
Gross  weight 
1450  lbs. 


_  THE  TYPE  512  * 

DIRECT  COUPLED  OSCILLOSCOPE 
!  SMsitlTlty  7.5  MUIi¥olts  p9r  Cm.  AC 
,  ^  ;  or  DC  •  Accuratt  Tim§  and  Amplitodo 
^  Calibration  •  Wida  Band  Vidaa 
^  ^  ^  Amplifiers.  •  Delayed  Trigger  Ovtput 


Tehfronix  Type  512  Cothode  Ray  Osciffoscope 

Outstanding  Type  512  Features 

•  Sweep  and  vertical  amplifiers  ore  P.P.  and 
direct  coupled  throughout. 

•  Vertical  amplifier  band  width  3  me.,  75  yo/($ 
to  0.25  volt  sensitivity;  I  me.  ham  0.25  volt 
to  .0075  volt  sensitivity. 

•  DC  Amplifier  stability  is  achieved  by  operot- 


The  Tektronix  Type  5)2  Oscilloscope  is  a  truly 
NEW  quantitative  measuring  instrument. 

The  combination  of  DC  amplifiers  and  single, 
recurrent  or  triggered  sweeps  ranging  from  3 
seconds  to  30  microseconds  is  of  particular  interest 
to  geo-physical,  mechanical  and  biological  re¬ 
search  groups. 

A  continuously  variable  vertical  sensitivity  range 
of  10,000  to  1  (7.5  millivolts  to  75  volts  per 
cm.)  is  provided  by  a  single  switch  plus  fill-in 
potentiometer. 

I  overcoming  deficiencies  of  capacity  coupling 

lor  long  blanking  pulses. 

O  Delayed  trigger  pulse,  variable  over  entire 
I  length  of  sweep,  available  at  front  panel. 

•  Sweep  time  calibration  accuracy  5%.  Con- 

t  veniently  read  directly  from  dial,  obviating 
t  need  for  timing  markers. 

•  Any  20%  of  sweep  may  be  expanded  5  limes 
for  detailed  signal  study. 


ing  heaters  of  first  two  stages  from  on  elec-  O  All  DC  voltages,  including  accelerating  po- 


INTERNATIONAL  MACHINE  WORKS 

Manufacturers  of  ffigh  Vacuum  Pumps,  Auto¬ 
matic  Machinery  for  Incandescent  Lamps, 
Electronic  Tubes  since  1916. 

2027  -  46TH  STREET 
NORTH  BERGEN,  N.  J.,  U.  5.  A. 

Tel.  UNIon  3-7412, 

Cable  Address  "Intermaeh”  North  Bersen,  N.  J. 


free 


tronicolly  regulated  DC  supply. 

•  Revolutionary  carrier  type  blanking  circuit, 

Price  $950  f.o.b.  Portland 

Your  Inquiry  will  bring  more  detailed 
Information  and  name  of  the  nearest 
Field  Engineering  Representative. 


tentiol,  electronically  regulated  against  line 
voltage  changes. 


Phone,  EAst  6T97 
Cables,  TEKTRONIX 
712  S.  R  Hawthorne  Blvd. 
Portland  14,  Oregon 


NEWARK 


Fir  EVERYONE  intsrssttd  in 

TELEVISION  •  RADIO  •  ELECTRONICS 
SOUND  SYSTEMS  •  INDUSTRIAL  EQUIPMENT 

EVEIYTHINS  in  standard  brond  squipmsnll 

Frefettienoltl  Rodio  HomsI  Television  Enlhusiotltl 
leginnersi  Otdtimersl  Amoteuril  Hobbyitlsl  Here's 
one  book  thot's  o  MUST  for  youl  Our  FREE  148  poge 
cotolog  jammed  with  over  30,000  different  items. 
The  smollest  port  to  the  most  complete  industrial 
system  from  one  dependable  sourcel 

24-NR.INAIl  ORDER  SERVICE  •  ONE  YEAR  TO  PAY 

3  GREAT  STORES:  Uptown  at  1 1  S  West  4Sth  St. 
end  Downtown  ot  312  Fulton  St.  in  NEW  YORK 
323  W.  Madison  St.  in  the  heart  of  CHICAGO 

MAR  ORDER  DIVISIONS;  243  W.  SSih  St.,N.V.19 
ond  333  West  Madison  St.,  Chicago  6,  Illinois 


k  _  THIRMOSTATK  METAl  TYPE 

DELAY  mm 


PROVIDE  DELAYS  RANGING 
FROM  I  TO  120  SECONDS 

EATURES: — Compeneated  for  conbient  temperotiire  changes  from 
— 40*  to  110*  F  . .  Hermetically  sealed;  not  affected  by  altitude,  moisture 
or  other  climate  changes  .  .  Explosion-proof  .  .  .  Octal  radio  base  .  .  . 
Compact,  light,  rugged,  inexpensive  .  Circuits  available:  SPST  Nor¬ 
mally  Open:  SPST  NomKxlly  Closed. 

PBOBLEM7  Send  for  "Special  Problem  Sheet"  and  Bulletin. 


NJewark 

^lAOlQ  t  TflEVISIOMl 


MAIL  COUPON  NOW 


Newark  Elactric  Co.l 
Dpt  L8.  242N.SSGa.l 
s  NewYulia.  N  Y.  I 

Ipioaso  sond  mo  FREE  iho  Newark  1949  Catalog! 
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Ampehte  REGULATORS  ore  the  simplest,  lightest,  cheapest,  and  most  correct  method 
of  obtaining  current  or  voltage  regulation  .  .  For  currents  of  .060  to  8.0  Amps  .  .  . 

Hermetically  sealed;  not  affected  by  altitude,  ambient  temperature,  humidity. 


ri  !K 


NtWS  OF  IHt  INDUSTRY  (continiMd) 

Network  of  the  Armed  Forces 
Radio  Service  in  Tokyo,  Japan. 

William  L.  Everitt,  head  of  the 
University  of  Illinois  department 
of  electrical  engineering  since  1944, 
will  become  dean  of  the  Univer¬ 
sity’s  college  of  engineering  and 
director  of  its  engineering  experi¬ 
ment  station  in  September,  1949, 

Joshua  Sieger,  engineering  chief 
of  Great  Britain’s  wartime  radar 
program,  has  been  appointed  di¬ 
rector  of  research  and  development 
of  Freed  Radio  Corp,,  New  York 
City. 


PATENT 

PENDING 


yY  LAST!  An  iron  so  light,  so  well  balanced  its 

U  weight  is  hardly  noticeable.  When  you  pick  it  up,  when 

you  work  with  it,  you’ll  know  why  HEXAGON  calls  it 
FEATHER  WEIGHT.  It’s  the  perfect  iron  for  long, 
delicate  work  where  fatigue  works  against  quality.  It 
■  ■■■■■■■■■MaaaaaaaiH  c&n  work  for  you — improv- 

m  ing  and  speeding  production. 
HiXACON  MODIL  30H.  Weight  I  More  comfortable  and  prac* 
5'A  oz.  (less  cord).  40,  or  60  Watts.  ■  tical  than  a  pencil  iron.  No 
Both  W'  ond  V/'  tips  furnished.  ®  transformer  required.  Price 
Ask  for  literature  on  complete  line  z  only  $5.00. 
of  screw  tip,  plug  tip  and  hatchet  5 


HEXACOM  ELECTRIC  CO. 


I.  SieqvT  W.  H.  Bennett 

Willard  H.  Bennett,  former  di¬ 
rector  of  physical  and  applied  re¬ 
search  at  the  Institute  of  Textile 
Technology,  was  recently  named 
head  of  the  Physical  Electronics 
Section  of  the  Atomic  and  Molecu¬ 
lar  Physics  Division,  National  Bu¬ 
reau  of  Standards.  He  will  engage 
in  basic  research  on  cathode  emis¬ 
sion  processes  and  the  physical 
properties  of  negative  atomic  ions. 

Randall  McGavock  Robertson, 
formerly  research  associate  of  the 
Norton  Co.,  and  associated  during 
the  war  with  the  MIT  Radiation 
Laboratory  airborne  radar  group, 
has  been  appointed  acting  director 
of  the  Physical  Sciences  Division 
of  the  Office  of  Naval  Research. 

Charles  S.  Rich,  formerly  secre¬ 
tary  of  the  AIEE  technical  program 
committee,  has  been  named  editor 
of  the  Institute’s  official  publica¬ 
tions,  Electrical  Engineering  and 
Transactions,  to  succeed  G.  Ross 
Henninger  who  recently  resigned. 

A.  K.  Wright,  chief  radio  engineer 
of  the  Tungsol  Lamp  Works,  Inc., 
Bloomfield,  N.  J.,  was  recently  ap¬ 
pointed  a  member  of  the  Joint  Elec¬ 
tron  Tube  Engineering  Council. 

Robert  Finlay,  wartime  procure¬ 
ment  engineering  counsel  for  the 


130  W.  CLAY  AVE.,  ROSELLE  PARK,  N.  J. 
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$IMCO-PRECISION 

for  laboratory  and  industry 

Sidward  Model  3~A 

MILLIOHMMETER 


ELECTRONICS  — December,  1948 


ENGINEERED  TO  MEET  THE  MOST 
EXACTING  REQUIREMENTS 
Resistances  can  be  read  as  low  as  1/1000  of 
an  ohm  and  as  high  as  2  ohms  on  a  linear 
scale  calibrated  directly  in  milliohms. 

Readings  simplified  by  evenly  divided  scale  of 
100  equal  divisions  and  two  overlapping  ranges 
0-200  and  0-2000  milliohms  full  scale  deflec¬ 
tion. 

The  lead  resistance  problem  is  eliminated. 

A  breaker  relay  protects  meter  from  domage. 
Housed  in  a  portable,  rugged,  hardwood  cose, 
9W  X  6"  X  4Vi". 

A  SIMPLE,  ACCURATE  and 
DEPEtWABLE  INSTRUMENT 
Write  tor  additional  Information 

SIDWARD  MF6.  CD.,  INC. 

126  Liberty  Street  New  York  6,  N.  Y. 


TOROIDS  —  Cased  and  Uncased 


Vlose-tolerance  toroids  from  ^  in.  o-d  up.  Wound  to  the  rigid  re¬ 
quirements  of  Lenkurt  Carrier  Systems,  tney  can  be  made  accurate 
within  0.1  per  cent.  Available  to  specifications  with  emphasis  on 
magnetic  and  temperature  stability. 

Made  with  two  balanced  windings,  tapped  or  untapped,  im¬ 
pregnated  or  not,  as  required.  Also 
available  with  close-coupled  seconda¬ 
ries  for  impedance-matching  applica-  Lenkurt  knOWS  hoW 
tinn.s.  Write  for  further  data; 


LENKURT  ELECTRIC  CO. 

'SAN  CARLOS  •  CAllfORNIA-' 


Typ#  F 

Typ#  U 

Typo  FI 

Typ#  M 

IT 

Tm  R 

nao  VACUUM  THERMOCOUPLES 

•  TYPE  F,  contact  typo,  and  TYPE  FI, 
with  insulated  heater,  available  in 
ranges  of  1.2  milliamperes  and  over. 

•  TYPE  M,  contact  type,  25  MV  output, 
constructed  in  ranges  of  100  milli¬ 
amperes  and  over. 

•  TYPE  U,  with  insuloted  heater,  for 
measurements  at  ultra-high  frequen¬ 
cies,  made  in  ranges  of  3  milliamperes 
and  over.  Streamlined  to  make  con- 

.  venient  use  in  coaxial  cables  or  fittings 
possible. 

•  TYPE  R,  for  radiant  energy  measure¬ 
ments. 

Write  Department  VE  tor  latest 
informative  bulletins 

HELD  ELECTRICAL 
INSTRUMENT  CDMPANY 

109  E.  184 ST. •NEW YORK 53, N. Y. 


e  Indications  are  spearographic-fre- 
quency  versus  voltage 

•  Quick  ove'rall  views  of  the  40-20,000 
cps  spectrum  are  provided  once  per 
second 

e  Tedious,  point  by  point  frequency 
checks  are  eliminated 

•  Observations  of  random  changes  in 
energy  distribution  are  possible 

•  Chances  of  missing  components  are 
removed 

>  Operation  is  simple 

•  Voltage  amplitude  ratios  as  high  as 
1000  :1  are  measureable 


Write  NOW  for  complete  technical 
data,  price  and  delivery. 


New  Possibilities  In 
AF  ANALYSIS 

with  AAodel  AP-I 
PANORAMIC 
SONIC  ANALYZER 

Model  AP-1  assures  faster,  simpler  audio 
analysis  by  automatically  separating  the  com¬ 
ponents  of  complex  audio  waves  and  simul¬ 
taneously  measuring  their  frequency  and 
amplitude. 

Whether  your  problem  is  investigation  of 
harmonics,  intermodulation,  transmission  char¬ 
acteristics,  high  frequency  vibration,  noise  or 
acoustics,  it  will  pay  to  look  into  the  unusual 
advantages  offered  by  the  Panoramic  Sonic 
Analyzer. 


D 


92  Gold  St. 
New  York  7,  N  Y. 


CORP 


Cable  Address  1 
PANORAMIC.  NEW  YORK 


Exclusive  Conodton  Representotive:  Cor>adian  Marconi.  Ltd 


rr///  /// 

GENERAL  ELECTRIC 


NEWS  OP  THE  INDUSTRY  (conHiiMd) 

Hallicrafters  Co.  in  Washington, 
has  opened  a  consultant’s  office  in 
Ridgewood,  N.  J.,  to  serve  as  liaison 
between  electronics  manufacturers 
and  government  agencies. 


Edwin  F.  Dillaby,  formerly  with 
Hytron  Radio  &  Electronics  Corp., 
was  recently  appointed  chief  engi¬ 
neer  in  charge  of  the  newly  formed 
Tube  Division  of  Tracerlab,  Inc., 
Boston,  Mass. 


The  NEW 
General  Electrk 
Variable 
Reluctance 
Cartridge  for 
Long  Playing 
Records! 


E.  F.  Dillaby 


F.  W.  Walker 


Frank  W.  Walker,  formerly  na¬ 
tional  president  of  the  Associated 
Police  Communications  Officers  and 
vice-chairman  of  Panel  13  of  the 
RTPB,  was  appointed  radio  com¬ 
munication  engineer  in  the  state  of 
Michigan  by  Motorola,  Inc. 


Anodes  and  Grid  Cylinders  for  television 
and  cathode  ray  tube  gun  structures,  are  a 
Superior  specialty  that  is  now  a  standard 
for  the  electronics  industry. 

Parts  illustrated  are: 

1.  Tube  rolled  on  one  end — .520”  O.D.  x 
.500”  I.D.  X  1.378”  long,  rolled  to  .600” 
diameter  used  as  an  anode  in  television 
tube  gun  structure.  Superior  Print  ET-28, 
Part  3. 

2.  Tube  rolled  on  both  ends — .500”  I.D.  x 
.010”  wall  X  .590”  long,  rolled  on  both  ends 
to  .590”  diometer- — used  in  rectifier  tubes. 
Superior  Print  ET-10,  Part  1. 

3.  Tube  with  inverted  roll  on  one  end — 
.520”  O.D.  X  .500”  I.D.  x  1.850”  long  .  .  . 
cylinder  for  use  in  television  tube  gun  struc¬ 
tures.  Superior  Print  ET-36,  Part  1. 

4.  Expanded  and  rolled  end  tube — .500” 

I.D.  X  .012”  wall  X  2.600”long,  after  expand¬ 
ing  one  end  to  .760”  diameter,  and  rolling 
same  end  to  .915” — used  as  focusing  elec¬ 
trode  in  television  tube  gun  structure. 
Superior  Print  ET-9,  Part  1. 

Tubular  parts,  also  available  in  straight 
and  angle  cuts,  can  be  produced  to  your 
specification  or  to  standard  Superior  design. 

We  invite  your  inquiry  for  further 
information. 


Raleigh  J.  Wise,  Telefax  research 
engineer  for  Western  Union  Tele¬ 
graph  Co.,  has  been  awarded  the 
1948  Longstreth  Medal  from  the 
Franklin  Institute  for  his  develop¬ 
ment  of  a  dry  electrosensitive  re¬ 
cording  blank. 


0  Specifically  designed  for  the 
new  long  pla;  ing  records . . . 
high  compliance... low  mass 
stylus  assembly 

0  Equipped  with  1  mil  tip 
radius  sapphire  stylus 
^Can  be  used  with  standard 
G-E  preamplifiers 
Place  your  order  today! 

General  Electric  Company 
Electronics  Park 
Syracuse,  New  York 


Ralph  A.  Krause,  senior  engineer 
consultant  to  Brookhaven  National 
Laboratory,  N.  Y.  and  formerly 
assistant  to  the  president  of  Ray¬ 
theon  Mfg.  Co.,  has  been  named 
director  of  research  at  Stanford 
Research  Institute,  Stanford  Uni¬ 
versity,  Calif. 


Jay  C.  Fonda,  former  engineering 
consultant,  has  joined  the  Morris  F. 
Taylor  Co.,  manufacturers’  repre¬ 
sentatives,  as  sales  engineer. 


D.  Gordon  Clifford,  one  of  the  de¬ 
velopment  engineers  who  worked  on 
the  klystron  and  formerly  chief  en¬ 
gineer  of  Industrial  &  Commerce 
Electronics,  is  now  field  engineer  at 
Lenkurt  Electric  Co.,  San  Carlos, 
Calif.,  manufacturers  of  carrier 
telephone  and  telegraph  equipment. 


SUPERIOR  TUBE  CO. 

ELECTRONICS  DIVISION 

2500  Germantown  AvenuD 
Norristown,  Pa. 
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PREC/ S/ON 


\SN*T  "SQUARED 
THE  CIRCLE" 

BUT  HAS 

JARED  THE  BOW" 


producing 

DI-FORMED  PAPER  TUBES 

at  no  extra  cost! 

Precision  DI-FORMED  Paper  Tubes  hove  mode  o  most  ihiportant 
improvement  throughout  coil  industry.  Now  ALL  coil  manufacturers 
ond  users  con  take  advantage  of  the  opportunity  to  obtain  Precision 
DI-FORMED  square  and  rectangular  paper  tubes  for  coil  bases,  at 
no  extra  cost! 

Results:  greater  strength — automatic  stacking — elimination  •  of  coil 
forming  after  winding — claser  engineering  of  coils,  saving  wire. 
Precision  characteristics,  spiral  winding,  better  insulation,  space  and 
weight  saving  are  improved.  Tubes  olso  made  round,  oval,  any 
shape. 

Write  tor  samples — also  new  Mandrel  List.  Many  new  sizes. 


2041  W.  Charleston  St., 


PLANT  NO.  2 


79  CHAPiL  ST., 


Chicago  47,  III. 

HAItTFORD,.CONM. 


COMPOrNDS 

Hcientiflrally  componndrd  for  H|>e<'iflc  applications  from  waxes,  resins, 
asniinits,  pitches,  oits,  and  minerais.  Avaiiable  in  wide  ranee  of  meltine 
points  and  hardnesses.  Hpeciai  pottine  compounds  are  heat  condnctlne  and 
crack  resistant  at  extremely  low  tem|>eratures.  Recommendations,  spedflc 
data,  and  samples  will  be  furnished  on  request. 


IMPREGNATING 
radio  eoiU 
traniformor  colli 
linltlon  colli 
wiro  eovorlsd 
paper  tubci  and  fornii 
poroui  ciramlei 

DIPPING 

Colli 

T  raniforfflori 
Condoniori 


SEALING 

condonuri 

battorlei 

twitch  bail  torminali 
Mteket  termlnali 
lipht  tixturei 

POTTING 
Radio  Traniformen 
Lifht  Uniti 
Loading  Colli 
Condeniori 


BIWAX  CORPORATION 


5IV/AX 


3  4  4  3  HOWARD  STREET 

SKOKIE  ,  ILLINOIS 


DANP^us/KN^-  HO^/ 

r^ng  you  COIL  PERTECIION 


Our  Engineering  Department  is 
at  your  service. 

Samples  cheerfully  analysed 
without  obligation. 
TRANSFORMEBS  Made  To  Order 


m 


Not  just  any  coil  but  the  exact  coil 
winding  you  need,  skillfully  made  to 
your  exact  requirements.  The  de¬ 
pendability  and  service  behind  our 
name  are  your  assurance  of  perfect 
coil  performance. 


ELECTRIC  CO  n*in  st. 

CLCLlnlL  LU.  WINSIIO,  CONN 


DUAL  SPEED 
HYSTERESIS 

Synchronous 

Motors 


1/20  H.P. 
1880  R.P.M 
Rwerilbla 
Centinuosi 
Dsty  Type 
fS  HSK-I 


•  NO  NOISE 

•  NO  VIBRATION 


•  HUNT  and  "WOW"  ELIMINATED 

*  INDEPENDENT  of  LOAD  INERTIA 


- Applications: - 

Disc,  wire  and  film  recorders 
Sound  cameras  and  proiectors 
Facsimile  equipment 
Television  equipment 
Timing  devices 
Stroboscopic  work 
Teletype  equipment 


We  con  furnish  on  quontity  orders 
COMBINATIONS  of  ony  two  of  the 
following  speeds: 

600  R.P.M. 

900  R.P.M. 

1200  R.P.M. 

1800  R.P.M. 

3600  R.P.M. 

Instantly  reversible  with  D.P.D.T. 
switch!  H.P.  ratings  1/150  to  1/30 
depending  on  speed  combination  se¬ 
lected.  Round  Frame,  Resilient 
Mount,  Rigid  Base. 

The  hysteresis  design  of  these  new 
Synchronous  Motors  lowers  noise  and 
vibration  level  to  o  fraction  of  that 
normally  present  in  conventional  sali¬ 
ent  pole  construction.  UnoHected  by 
load  inertia. 

These  Hysteresis  Motors  ore  now 
standard  equipment  on  many  high 
quality  Recorders. 

What  ore  your  requirements? 


(ASURN  AIR  DEVICES,  ihc. 

130  flATBUSH  AVENUI 
BtOOKlYN  17,  NfW  YOBK 
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BRADLEY 


LABORATORIES,  INC. 

82  Meadow  St.  New  Haven  10,  Conn, 


NEW  BOOKS 


for  the  BEST  in  reception 
and  performance  use 


By  Stanford  CtOLDMAN.  McGraw- 
Hill  Book  Co.,  New  York,  1948,  434 
pages,  $6.00. 

This  book  is  unique  in  that  three 
virtually  unrelated  fields  are  under 
study.  The  first,  frequency  analy¬ 
sis,  is  obviously  stimulated  by  the 
author’s  dissatisfaction  with  the 
brevity  it  usually  receives  in  texts 
designed  to  present  a  variety  of 
mathematical  methods  at  the  engi¬ 
neer’s  level.  A  total  of  140  pages 
is  devoted  to  the  subject ;  the 
basic  Fourier  transforms,  in  series 
and  integral  form,  are  developed  in 
swift,  palatable  form,  and  much  at¬ 
tention  is  given  to  simplifications 
which  result  from  various  types  of 
symmetry.  In  addition,  a  variety 
of  problems  is  treated  to  illustrate 
applications  of  the  Fourier  tech¬ 
nique,  most  noteworthy  perhaps 
being  those  that  deal  with  detail 
and  bandpass  requirements  in  tele¬ 
vision  and  pulse  receivers. 

The  portion  on  modulation  is 
much  shorter  than  the  other  two, 
and  accordingly  not  as  compre¬ 
hensive.  Instead  of  attempting  a ' 
swift  course  through  the  entire 
present  status  of  the  art,  the 
author  has  chosen  to  organize  and 
expand  special  items  which  so  far 
have  been  treated  only  in  periodical 
literature.  For  example,  the  tech¬ 
nique  of  resolving  an  arbitrary 
sideband  distribution  into  symmet¬ 
rical  and  antisymmetrical  compon¬ 
ents  is  treated  in  some  detail,  while 
on  the  other  hand  little  is  said 
about  the  means  for  generating  or 
detecting  various  modulation  types, 
or  about  such  topics  as  single  side¬ 
band,  suppressed  carrier,  and 
pulsed  code. 

The  final  section  on  noise  consti¬ 
tutes  the  greatest  portion  of  the 
book,  and  meets  a  need  long  felt  by 
communications  engineers  who, 
concerned  with  noise  problems. 


TELEVISION  hook-up  wire 


approved  by  Underwriters'  Laboratories  at 


CENTIGRADE 


VOLTS 


Bradley  selenium  power  rectifiers  are 
rugged  and  compact.  Square  plates 
afford  maximum  of  rating  to  space 
factor.  Conservatively  rated  up  to  thou¬ 
sands  of  amperes.  Shown:  SE11W24F, 
full-wave  bridge,  rated  at  110  volts 
A.C.,  5  amperes  D.C. 


•  Flame  Resistant 

•  Heat  Resistant 

•  High  Insulation  Resistance 

•  Facilitates  Positive  Soldering 

•  High  Dielectric 

•  Easy  Stripping 

•  Also  unaffected  by  the  heat  of 
impregnation — therefore,  ideal 
for  coil  and  transformer  leads 


Chosen  after  exhaustive 
tests  by  leading  manufac¬ 
turers  of  television,  F-M, 
quality  radio  and  all  exact¬ 
ing.  electronic  applications. 
Available  for  immediate  de¬ 
livery  in  all  sizes,’ solid  and 
stranded,  in  over  200  color 
combinations  .  .  .  ready  to 
demonstrate  anew  the  Effi¬ 
ciency  and  Economy  of  . 

CORNISH  WIRES  AT  WORK. 


Luxtron*  photo  cells  convert  light  into 
electrical  energy.  No  external  voltage 
is  required  to  operate  meters  and 
meter  relays  directly  from  Bradley 
photo  cells,  improving  control  over 
your  processes,  reducing  your  costs. 
Housed  model  shown.  Many  different 
sizes  and  shapes,  mounted  and  un¬ 
mounted. 

•t.  M  REG.  U.  S.  PAT.  OFF. 


fng/neering  Data  and  Samples  on  Request 


RUBBER  __75° 
PLASTIC  _  80 

N0FLAME-C0R”_! 


Our  engineers  will  select  or  de¬ 
velop  rectifiers  or  photo  cells  to 
meet  your  needs  exactly.  Write 
for  BRADLEY  LINE  showing  basic 
models. 


made  by  engineers  for  engineers' 
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Index  to  GloCtrOHICS  Volume  XXI 

January  to  December  issues,  inclusive,  1948 

Cumulative  Index  (April  1930 — December  1944)  available  at  75  cents 

McGraw-Hill  Publishing  Company 

330  West  42nd  St„  New  York  City,  18 


Aconetic  measurements  under  water, 

O.  F.  Breitwieser . p  120,  Nov 

Acoustic  problems  In  studio  design, 

G.  M.  Nixon . p  86,  May 

Acoustic  well  sounder  (TAW)...p  150,  Spt 
Acoustics,  see  also  under  sound  or 
particular  aspects  or  equipment 
Acceleration  and  strain  measure¬ 
ments  on  laboratory  model  air¬ 
plane  (TEA)  . p  130,  Jly 

Airborne  engine  analyzer,  V.  C. 

Cetrone . p  90,  Mar 

Airborne  magnetometer  (TAW)..p  124,  Oct 
Aircraft  speed  measurement,  C.  S. 

Franklin  . p  72,  Feb 

Alarm,  electronic  lightning  (TAW) 

p  158,  May 

Alignment,  baseline  for  visual  sys¬ 
tems,  E.  A.  Henry . p  154,  Spt 

Amplifiers,  see  under  particular  type 
Amplitude  and  phase  modulation, 

O.  O.  Vlllard,  Jr . p  86,  Nov 

Amplitude  selective  amplifier,  C.  E. 

Lowe  . p  156,  Oct 

Analog  computer,  Seymour  Frost. p  116,  Jly 
Analog  computer  elements,  G.  A. 

Korn  . p  122,  Apr 

Antenna,  Indoor  television,  J.  H. 

Newitt  . p  173,  Aug 

Antenna,  lens  for  broadband  micro- 

waves,  W.  E.  Kock . p  108.  Apr 

Antenna  for  f-m  (TAW) . p  150,  Jly 

Antenna  for  f-m  broadcasting  with 
circular  polarization,  C.  E.  Smith 

and  R.  A.  Fouty . p  103,  Spt 

Antennas,  f-m  and  television  receiv¬ 
ing,  G.  P.  Kearse . p  118,  Nov 

Antennas  for  citizens  radio,  H.  J. 

Rowland  . p  96.  May 

Astronomical  applications  of  elec¬ 
tronics,  G.  E.  Kron . p  98,  Aug 

Attenuator,  piston,  chart  for,  R.  E. 

Lafferty  . p  132,  Feb 

Automatic  lighting  switch,  C.  C. 

Smith  . p  155,  May 

Automatic  limit  bridge  for  produc¬ 
tion  testing,  R.  D.  Campbell  and 

E.  J,  Totah . p  110,  Jan 

Automatic  rat-catcher  circuit  (TAW) 

p  120,  Nov 


Baby  sitting,  multiple  (TAW)....p  126,  Jan 
Balancer  lor  truck  wheel,  S.  R.  Win¬ 
ters . .  134,  Apr 

Bandwidth  vs.  noise  In  communica¬ 
tion  systems,  D.G.F . p  72,  Jan 

Bandwidth  reduction,  R.  S.  Bailey 

and  H.  E.  Singleton . p  107,  Aug 

Baseline  lor  visual  alignment  sys¬ 
tems,  E.  A.  Henry . p  164,  Spt 

Beat  frequency  tone  generator  with 

R-C  tuning,  J.  W.  Whitehead. p  130,  May 
Blind  guidance  by  ultrasonics,  Frank 

Slaymaker  and  W.  F.  Meeker... p  76,  May 
Blind  sound  flashlight,  Victor  Twer- 

sky  . p  166 

Bolometer  amplifier,  D.  D.  King. 

John  Taylor  and  W.  H.  Faulkner, 

Jr . p  116,  Feb 

Braking  for  drilling  rigs.  R.  L. 

Jaeschke  . p  92,  Apr 

Bridge,  see  under  particular  type 
Bridge-balanced  amplifiers,  Y.  P.  Yu 

p  111,  May 

Broadband  lens  antenna  for  micro- 

waves.  W.  E.  Kock . p  108,  Apr 

Broadcast-station  r-f  bridge.  Fred 

Schumann  and  Charles  Duke..p  83,  Apr 
Broadcasting  internationally,  J.  H. 

Battison  . p  70,  Nov 

Button  for  elevator  signal  (TAW^.p  160.  Jly 

Buyers’  Guide . Mid-Month.  June 

additions  and  corrections . p  244,  Oct 


Cable  design,  h-f,  K.  H.  Zlmmer- 

mann  . p  112,  Feb 

Camera  for  oscilloscope,  H.  E.  Hale 

and  H.  P.  Mansberg . p  102.  Jun 

Camera  shutter  (TEA) . p  164.  Jly 

Camera  shutter  timer,  Hubert 

Sear  . p  148.  Nov 

Capacitive  fi»^  gage  for  aircraft 

(TAW)  . . p  166,  Feb 

Capacitor  counting  circuit.  Bradford 

Howland  . p  182.  Jun 

Capacitors  and  selenium  rectifiers. 

F.  Parmly  and  E.  Sherich . p  146,  May 


Capacitors,  characteristics  of  oil  Im¬ 
pregnated,  Burgess  Dempster,  .p  168.  May 


Capacitors,  oil  impregnated  (TEA) 

p  172,  Jly 

Car-Card  radio,  A.  A.  McK . p  72,  Jun 

Carrier-frequency  voltmeter.  Paul 

Byrne  . p  104,  Dec 

Carrier  shift  check  meter,  J.  W. 

Whitehead  . p  162,  Jun 

Cathode-ray  ’long-persistence  screen 
testing,  J.  C.  Telller  and  J.  F. 

Fisher  . p  124,  Feb 

Cathode-ray  numeroscope  printer,  H. 

W.  Fuller  . p  98,  Feb 

Ceramic  dielectric  materials,  B.  H. 

Marks  . p  116,  Aug 

Ceramic  phonograph  pickup,  L.  G. 

Hectro  and»H.  W.  Koren . p  94.  Dec 

Ceramics,  properties  of  electrome¬ 
chanical,  Hans  Jaffe . p  128,  Jly 

Characteristics  of  some  oil  impreg¬ 
nated  capacitors,  Burgess  Demp¬ 
ster  . p  168,  May 

Chart  for  mismatched  transmission 

line  loss.  J.  M.  Hollywood . p  130.  Jan 

Chart  for  filter  ripple,  C.  K.  Hooper 

p  132,  Mar 

Chart  for  piston  attenuator,  R.  E. 

Lafferty  . p  132.  Feb 

Chart  shows  f-m  coverage,  J.  H. 

Battison  . I>  122,  Jun 

Chemical  comparison  speeded  by  x- 

rays  (T.AW)  . p  158,  Apr 

Circuit,  see  under  particular  type 
Circular  polarization  in  f-m  broad¬ 
casting.  C.  E.  Smith  and  R.  A. 

Foulty  . p  103,  Spt 

Citizens  band,  field  tests.  R.  E.  Sam- 

uelson  . , . P  92.  Jan 

Citizens  band  transceiver,  W.  B. 

Lurie  ■ . P  76,  Aug 

Citizens  radio  antennas.  H.  J.  Row¬ 
land  . p  96,  May 

Citizens  radio  service  receiver,  W.  C. 

Hollis  . P  80.  Mar 

Citizens  transmitter  power  amplifier, 

Walter  Hollis  . p  84.  Dec 

Cleaning  electronic  equipment,  Jo¬ 
seph  Albin  . p  94.  Spt 

Clock  control  (TAW) . p  152.  Nov 

Common  carrier  radio  service. 

limited.  A.  A.  McK . p  97,  Jan 

Communication  by  time  expanded 

wave,  Ll-Yen  Chen . P  130,  Jun 

Communication  station  design,  David 

Baker  . P  110,  Nov 

Communication  system  requirements 

(TEA)  . p  138,  Mar 

Communication  systems,  bandwidth 

vs.  noise,  D.G.F . p  72,  Jan 

Compact  analog  computer,  Seymour 

Frost  . p  116,  Jly 

Compact  projection  television  sys¬ 
tem,  H.  G.  Boyle  and  E.  B.  Doll.p  72,  Apr 
Compensation,  low-frequency,  for 

amplifiers,  Kurt  Schlesinger. . .  .p  103.  Feb 
Composite  amplitude  and  phase 

modulation.  O.  G.  Vlllard,  Jr...p  86,  Nov 
Computer,  compact  analog,  Seymour 

Frost  . p  116,  Jly 

Computers,  design  of  d-c  electronic 

Integrators,  G.  A.  Korn . p  124,  May 

Computer,  elements  of  d-c  analog, 

G.  A.  Korn . p  122.  Apr 

Computer,  selective  sequence  digital 

p  138,  Apr 

Computer  switching  circuits,  C.  H. 

Page  . P  110,  Spt 

Computers,  industrial  controllers  de¬ 
signed  by  analog.  G.  A.  Phllbrlck 

p  108,  Jun 

Computers  use  crystal  diodes  (TEA) 

p  128,  Jun 

Construction  of  shielded  room  in  vhf 

field.  C.  C.  Pine . p  150.  Apr 

Control,  see  under  particular  type  of 
control  or  device  that  Is  controlled 
Controllers  designed  by  analog,  G.  A. 
Philbrick 

Converters  for  television  power 

(TAW)  . p  152,  Spt 

Counter  circuits  for  television,  Allan 

Easton  and  P.  H.  C)desaey....p  120.  May 
Counter,  predetermined  for  process 

control,  R.  J.  Blume .  p  88.  Feb 

Counters,  high-speed  N-scale.  T.  K. 

Sharpless  . p  122.  Mar 

Counting  circuit,  capacitor.  Brad¬ 
ford  Howland  . p  182,  Jun 

Counting  with  plug-in  scaler  for  in¬ 
dustry.  C.  H.  Brown . p  90,  Jly 

Crossover  network.  P.  W.  Klipsch.p  98.  Nov 


Crystal  control  for  multichannel  re¬ 
ceiver,  W.  R.  Hedman,  Jr . p  118,  Mar 

Crystal  diodes  In  computers  (TEA) 

p  128,  Jun 

Crystal  filters  for  single  sideband, 

P.  K.  Taylor . p  116.  Oct 

Crystal  modes  examined  visually 

(TAW)  . .  .p  148,  Spt 

Crystal  voltmeter  for  h-f,  B.  F.  Ty¬ 
son  . . . P  ISO  Mar 

Crystals  as  amplifiers  (TEA)....p  140,  Apr 


Dangerous  operation  monitored  by 

television  (TAW)  . P  168,  Apr 

Design  of  counter  circuits  for  televl- 
vlsion,  Allan  Easton  and  P.  H. 

Odessey  . P  120.  May 

Design  of  d-o  electronic  integrators, 

G.  A.  Korn . P  124,  May 

Design  of  1-p  records,  F.H.R . p  110,  Dec 

Design  of  loudspeaker  dividing  net¬ 
works,  E.  R.  Schuler . p  124,  Feb 

Design  of  naval  communication  sta¬ 
tion.  David  Baker . P  110,  Nov 

Design  of  pbantastron  time  delay 
circuits.  R.  N.  Close  and  M.  T. 

Lebenbaum  . P  100,  Apr 

Design  curves  for  parallel-T  net¬ 
work,  Dawkins  Espy . p  114,  Jly 

Design  factors  for  Intercarrler  tele¬ 
vision  sound,  S.  W.  Seeley . p  72,  Jly 

Design  trends  in  television  trans¬ 
mitters.  D.G.F . P  76,  Jan 

Designing  industrial  controllers  by 

analog,  G.  A.  Phllbrlck . p  108,  Jun 

Designing  thorlated  tungsten  fila¬ 
ments.  H.  J.  Dailey . p  107,  Jan 

Detecting  displacement  (TEA)  .  .  .p  168,  Nov 
Detection  of  microwaves  (TEA).p  124,  Spt 
Detector,  see  under  particular  type 
Detector,  superregeneratlve  theory, 

W.  E.  Bradley . p  96.  Spt  • 

Detector,  superregenerator  design, 

Alan  Hazeltine,  D.  Richman  and 

B.  D.  Loughlin . p  96,  Spt 

Development  and  application  of  the 

Skiatron.  G.-Wlkkenhauser.  .  .  .p  174,  Mar 
Diagram,  engineering  the  schematic, 

.1.  M.  Henry  and  M.  G.  Morgan. p  74,  Jun 
Dial  tester,  G.  E.  Beggs,  Jr.  and 

E.  L.  Landberg . p  128.  Apr 

Diamonds  as  amplifiers  (TEA) .  .p  140,  Apr 
Diathermy  units,  frequency  stabiliza¬ 
tion  of.  Carl  Glerlnger . p  78,  Dec 

Dielectric  ceramic  materials,  B.  H. 

Marks  . P  116.  Aug 

Dielectric  heating  of  thin  films,  T.  C. 

Gams  . P  83,  Spt 

Differential  input  circuits,  E.  E. 

Suckling  . P  186,  Feb 

Diffraction  for  film  and  surface 

studies,  G.  A.  Doxey . p  112.  Jun 

Digital  computer  switching  circuits, 

C.  H.  Page . P  110,  Spt 

Direct-coupled  oscilloscope,  J.  H. 

Revner  . ' . P  102,  Jly 

Direct-reading  wavemeter  design. 

G.  E.  Feiker  and  H.  R.  Meahl.p  103,  Mar 
Direction  finder,  instant-recording, 

P.  G.  Hansel . p  86,  Apr 

Direction  finder  for  locating  storms, 

W.  J.  Kessler  and  H.  L.  Knowles 

p  106,  May 

Directly-coupled  phase  Inverter,  E. 

Johnson  . p  188.  Mar 

Displacement  detecting  (TRA)..p  168,  Nov 

Distortion  analysis  technique, 

Samuel  Sabaroff  . p  114,  Jun 

Distortion,  graphical  determination 

of  harmonic.  R.  W.  Buchhelm..p  170,  Jly 
Dividing  networks  for  loudspeakers. 

E.  R.  Schuler . p  124,  Feb 

Dry-cleaning  electronic  equipment. 

Joseph  Albln  . p  94,  Spt 

Dynamic  noise  suppressor  filter  char¬ 
acteristics.  L.  (3.  McCracken.. p  114,  Apr 
Dynamic  relay  analyzer.  E,  L. 

Deeter  . p  87,  Jly 

Dynamic  sound  reproduction,  T.  S. 

Korn  . p  166.  Jly 


F.ditors  report  on  Electronics  Park 

p  77,  Oct 

Effect  of  modulation  on  transmission 


efficiency  (TEA)  . p  134.  Jan 

Electrolytic  tank  used  to  evaluate 

magnetic  leakage,  F.  Levl....p  17S.  Apr 
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Shonnard,  J.  R.,  Facatmlla  modu¬ 
lator  tubo  . p  II,  Jun« 

Simon,  Ell  and  F.  W.  Thomaa, 

Soldering  aluminum  alloya . p  10,  June 

Slnfleton,  H.  E.  and  R.  S.  Bailey, 
Reducing  tranamiaaion  bandwidth 

P  107,  Aug 

Skalnik,  J.  G.,  J.  C.  May.  and  H.  J. 

Reich,  Thratron  phaae-control  cir- 

cuiu  . .  107,  July 

Slaton,  J.  H.,  W.  J.  Lalaa,  G.  R.  Mol- 
trup,  and  A.  H.  Waynick,  Her¬ 
metically  aealed  componenta - p  80,  Nov 

Slaymaker,  P.  H.  and  W.  F.  Meeker, 

Blind  guidance  by  ultraaonica.  .p  71,  May 
Smith,  C.  C.,  Automatic  lighting 

switch  . p  16S,  May 

Smith,  C.  E.  and  R.  A.  Fouty,  Circu¬ 
lar  polarization  in  f-m  broad¬ 
casting  . p  101,  Sept 

Sobel,  A.  D.,  Televiaion  front  enda.p  78,  Sept 
Stifler,  W.  W.  Jr.  and  W.  F.  Saara, 

Sofar  . p  >8,  June 

Soucy,  C.  I.,  Temperature  coetB- 

cients  In  electronic  circuita. . ,  .p  117,  June 
Squier,  R.  T.,  Sprayed  wiring  for 

control  amplifler . . . p  128,  May 

Stockman,  H.,  Superregenerative 

circuit  applicationa  . p  81,  Feb 

Stodola,  E.  K.  and  Henry  Liaman, 
Low-impedance  reactancea  for  vhf 

P  91,  May 

Suckling,  E.  E.,  Differential  input 

circuita  . ••■P  186,  Feb 

Sulzer,  P.  G.,  Noise  generator  for  re¬ 
ceiver  measurements  . . p  96,  July 


Fairchild  Recording  Equipment  Corporation  has  been  newly  formed  to  concentrate 
on  the  specialized  requirements  of  the  Radio  Broadcast  and  Record  Industries.  Our 
mission?  To  shatter  another  rumor:  That  top-quality  sound  recording  equipment 
has  to  be  expensive.  We  intend  to  produce  the  same  outstand^ig  line  of  disk  record¬ 
ing  instruments— /or wierfy  made  by  Fairchild  Camera  and  Instrument  Corporation 
—  to  sell  at  lower  prices ! 

What  makes  price  reductions  possible?  An  organization  of  specialists  concen¬ 
trating  on  sound  recording  alone  ...  to  speed  the  development  of  new  equipment 
...  to  handle  special  problems  speedily  and  inexpensively ...  to  effect  more  efficient 
production  methods  ...  to  effeaively  reduce  selling  costs. 

What’s  in  store  for  the  future?  Plenty!  The  new  Fairchild  Magnetic  Tape  Recorder 
is  the  first  of  a  number  of  new  sound  recording  instruments  to  be  developed  through 
skilled  and  visionary  research.  Keep  your  eyes— and  your  ears— on  Fairchild  Record¬ 
ing  Equipment^  Interesting  developments  are  in  the  making! 


Taylor.  John,  D.  D.  King  and  W.  H. 
Faulkner,  Jr.,  Bolometer  amplifler 

p  lie.  Feb 

Taylor,  P.  K.,  Single-sideband  crys¬ 
tal  Alters  . p  116,  Oct 

Thomas,  Alexander,  '  High  voltage 

supplies  for  G-M  counters  ....p  100,  Dec 
Thomas,  F.  W.  and  Eil  Simon,  Sol¬ 
dering  aluminum  alloys . p  90,  June 

Thomas,  H.  P.,  and  L.  M.  Leeds,  F-M 
transmitter  performance  measure¬ 
ments  . p  84,  Feb 

Totah,  B.  J.  and  R.  D.  Campbell, 
Automatic  limit  bridge  for  pro¬ 
duction  testing . .p  110,  Jan 

Tuttle,  Clifton,  Precision  circuit 

printing . p  190,  Oct 

Tuttle,  W.  N.,  Speed  control  for 

small  a-c  motors  . . p  106,  Feb 

Twersky,  Victor,  Sound  flashlight 

for  the  blind  . p  166,  Nov 

Tyson,  B.  F.,  High-frequency  crystal 

voltmeter . p  160,  Mar 


MEW 

LOW  PRICE 
f485 


Underhill,  E.  M.,  Permanent  magnet 
alloys  . p  : 


Vandeven,  E.  O.,  Phase  meter  ...p  142,  June 
Villard,  O.  G.  Jr.,  Composite  ampli¬ 
tude  and  phase  modulation . p  86,  Nov 

Villard,  O.  Q.  Jr.,  Simplifled  single- 

sideband  reception  . .  82,  May 


Fairchild  Transcription  Tumtabios  aro  now 
availablo  for  immodiato  delivery. 


Advantages  of  Fairchild's 


Wald,  Sidney.  Precision  Interval 

timer  . p  88,  Dec 

Wald.  S.,  Remote  control  for  radio 

tuning  . p  148,  Dec 

Walker,  G.  P.,  Measuring  r-f  power 

with  a  thermopile . p  180,  Mar 

Wallman,  Henry,  Stagger-tuned  am¬ 
plifler  design  . p  100,  May 

Waynick.  A.  H..  W.  J.  Leiss,  O.  R. 

Moltrup,  J.  H.  Slaton,  Hermetically 

sealed  components  . p  80.  Nov 

Weiller,  P.  G.,  End  resistance  mate¬ 
rials  . p  172,  May 

Whale.  H.  A..  Optimum  conditions 

for  r-c  oscillator  . p  178.  Feb 

White,  W.  C..  New  words  come  and 

go  . p  72.  Mar 

White.  W.  C.  and  J.  S.  Hickey. 
Electronics  simulates  sense  of 

smell  . p  100,  Mar 

Whitehead,  .1.  W.,  Beat  frequency 
tone  generator  with  r-c  tuning.. p  ISO,  May 
Whitehead.  J.  W.,  Carrier  shift 

check  meter  . p  162,  June 

Whitman,  R..  Graphical  Iron  core 

reactor  design  . p  136,  Dec 

Wikkenhauser.  G.,  Development  and 

applications  of  the  sklatron .  . .  .p  174,  Mar 
Winters,  S.  R.,  Truck-wheel  balancer 

p  134,  Apr 


COMPLETE 

REPROOUCIMO  SYSTEMS 


Fairchild  TRANSCRIPTION  TURNTABLE 
equipped  with  TRANSCRIPTION 
Arm  and  the  new  6-position  Pream- 
PLIFIER-Equalizer  delivers  wide 
range,  distortion-free  performance  that 
will  delight  the  ears  of  the  most  critical 
engineer. 

V  Perfectly  balanced  channel  from  pickup 
to  high  level  input. 

V  Signal  from  turntable  at  line  level. 

V  Equalization  for  any  pickup. 

V  Use  of  two  or  more  pickups  with  single 
equalizer. 

V  No  low  level  hum  problems. 

V  Greater  signal-to-noise  ratio. 


V  Synchronous  direct  drive  operation. 

\'  Visible  stylus  for  easy  cuing. 

V  Provision  for  monitoring  cuing. 

V''  New  rugged  trouble-free  pickup 
reproducer.  ' 

V  Economy — the  elimination  of  one  pre¬ 
amplifier  and  extra  equalizers  .  .  .  the  pre¬ 
vention  of  equalizer  obsolescence. 

All  Fairchild  sound  equipment  units 
—  including  Studio  and  Portable  Disk 
Recorders  and  Unitized  Amplifier  Sys¬ 
tems— ate  available  for  immediate  de¬ 
livery.  Write  for  complete  details:  88-06 
Van  Wyck  Boulevard,  Jamaica  1,  N.  Y. 


Youdin,  Myron  and  Nicholas  Anton, 

High  altitude  tube  . p 

Yu.  Y.  P.,  Bridge-balanced  ampli¬ 
fiers  . p 


Zakarias.  Imre,  Reducing  hum  In 

pentodes  . p  1 

Zeluff,  Vin,  Television  remote  viewer 

P 

Zimmermann.  K.  H.,  High-frequency 
cable  design . p  : 
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EQUIPMENT  CORPORATION 

ELECTRONIC  BARGAINS  /or  EXPERIMENTERS  W  HOBBYISTS 

ALL  QUANTITIES  LIMITED  SUBJECT  TO  PRIOR  SALES 


GIVE  PART  N  U  M  B  E 
WEIGHT  SHOWN.  NO 


®  SEARCHLIGHT  SECTION  Q 


0M64A  12  VOLT  DYNAMOTOR 


STANCOR  FILAMENT  TRANSFORMER 
NO.  342.  H«avy  duty  Stancer  No. 

ST3S5  tupplio*  5V  at  A  Amps,  SV  at 
3  Ampt  and  5V  at  3  Amp* 
from  230V  60  Cy.  primary 
or  obovo  from  tIOV. 

Cotod  typo.  Ship.^l 

Wgt.  7  lbs.  Each  I  .Oil  ^ 

G.E.  THYRATRON  TRANSFORMER 
NO.  243.  Now  G.E.  Transformor  tup- 
'njB  plios  2.5V  at  .100  KVA,  has  3KV  in- 
sulation  100V  60  cy.  primary.  Ship- 
pinp  Wgt.  13  lbs. 


Output  375  Volt  ISO  MA.  Now.  | 

. $5.50  I 

DM  32A  COMMAND  SET  DYNAMOTOR  s 
NO.  270.  Part  of  274N  Command  Ro-  /liHE  I 
coivors.  Input  28  Volts,  output  2S0V  > 

at  60  MA.  Shipping  <6  p  ? 

Wgt.  4  lbs.  Each .  | 

_  DM21  12  VOLT  DYNAMOTOR  | 

NO.  271.  Usod  in  Army  BC  312  | 
Communication  Rocoivor.  Input  12  x 
Volts  at  3.3  Amps.  Output  335  3 
Volts  at  90  MA.  Now,  original  ^ 
cartons.  Shipping  Wgt.  &C.  Crt  S 
8  lbs.  Each  f 

PE94C  SCR  522  POWER  SUPPLY  f 

NO.  372.  Comploto  dynamotor  I 

powor  supply  for  tho  SCR  522,  opor.  1 

atos  from  28  Volts.  Comploto  with  I 

.  controls,  fillers,  ole.  Original  cor-  | 

:  ton.  Shipping  Wgt.  *7^  ^ 

;  34  lbs.  Eoch .  ^O./  D  S 

PE101C  BC645  POWER  SUPPLY  ^ 
NO.  273.  Comploto  power  supply  ^ 
BC  645.  Operates  from  12  or 
24  Volts.  Supplies  both  AC  and  DC  ij; 
required.  Shipping  OC  I 

Wgt.  13  lbs.  Each  .  ^O.T  J  J 

DM35  12  VOLT  DYNAMOTOR  ^  I 

NO.  274.  Now  inpyt  12  Volt  at  18.7  ^ 

:  Amperes.  Supplies  67SV  at  275  MA  ^ 

^  or  V?  obovo  voltage  from  6  volts.  Ex-  ^ 

i  celloni  for  auto  use.  Ship-  cg\  ^ 

!  ping  Wgt.  11  lbs.  Each  •3U  » 

I  ^  PE  86  DYNAMOTOR  | 

I  NO.  314.  A  popular  28  Volt  re-  | 

ceiver  dynamotor  used  on  present 
military  equipment.  Supplies  250V  | 
at  60  MA.  Shipping  CA  I 

is  Wgt.  4  lbs.  Each  | 

GN58  HAND  GENERATOR  I 

NO.  275.  Makes  excellent  home  i 

^  lighting  plant,  operated  by  wind  | 

propeller,  waterfall,  gas  engine,  ^ 

i  hand  crank.  Reduction  gear  allows 

full  output  at  slow  speed;  supplies  $ 

i  6  volts  at  2.45  amp.,  425  volts  at  1 

.115  amp.  New.  Add  C7  QC  $ 

$  postage  for  38  tbs.  Each  ^ 

'  Handles  for  GN  58  S  .50  each  I 

;!  Connecting  cord  for  GN  58  x 

!j:  with  plugs  CD1086  51.50  each  8 

i  COLLINS  AUTOTUNE  CONTROL  HEAD  | 

I  NO.  278.  Brand  new  controls  used  'i 

I  _  on  the  ART/ 13,  100  Watt,  Trans-  K 

taiHer.  Types  7,  8,  10,  and  11  avail- 

**  spare  while  available  :i 
as  new  cest  is  over  522.00  each,  s 
Shipping  Wgt.  3  Ibs.  Price  any  type  | 
(mention  when  ^ >1  C A  & 

ordering).  Each  3 

I  MC  432  VHF  ANTENNA  LOADING  UNIT  | 

<.  NO.  279.  Contains  2  pole,  5  position  I 

^  rotary  switch  with  silver  ceramic  § 

f  variable  condensers,  and  ceils  for  mMf  ik  s 
.1  matching  VHf  Transmitter  to  AN109  ? 

/  ontenno  with  50  ohm  line.  Many  ^ 

.  useful  parts.  Shipping  CA  ¥ 

Wgt.  2  Ibs.  Each  I  .3U  ^ 

I  148  OUTDOOR  TELEGRAPH  KEY  | 

NO.  280.  Rugged  enclosed  type  % 
for  outdoor  use,  built  for  army  | 
to  withstand  hard  useage.  Cam-  ¥ 
plete  with  cord  and  PLS5  plug. 

. $2.00  1 

;  ONE  KILOWATT  ADJUSTABLE  f 

^  ANTENNA  LOADING  COIL  | 

NO.  382.  Huge  porcelain  coil  4" 

diameter  BVe”  long,  has  5  g 

{  sliders  for  adjustments.  Ship-  &0  C.f\ 

:  ping  Wgt.  5  Ibs.  1^0. 3U  | 

^  /V  300  MA  SELENIUM  RECTIFIERS  I 

'*“'*‘*  300  MA  at  36  : 

i  Volts,  complete  with  mounting 

i  '^•9r1k  brackets.  Shipping 

I  f.  DUAL  I 

SELENIUM  RECTIFIER  ^ 

NO.  283.  Two  mounted  on  : 

single  bracket,  each  section 
i  rated  15V.  at  Vi  Amp  Shipping 
Wgt.  1  lb.  2  for  $1.00  ^ 


NO.  259.  The  case  of 
this  unit  makes  the 
finest  tool  and  service 
ever  designed.  Ply- 
wood  construction,  14  x 
11  X  with  8 

covered  compartments 
in  the  for  repair 

parts,  leather 

reinforced  covers, 
hinged  lid.  Also  excel- 
lent  as  cose  for  radio 

phonograph,  movie  projector,  camera,  shell  case, 
fishing  kit,  picnic  kit,  etc.  The  astrograph  itself, 
(which  cost  the  government  $125.00)  makes  an 
excellent  contact  printer,  and  can  be  used  for  a 
foundation  for  enlarger,  strip  map  holder,  etc. 
The  cose  alone  worth  twice  the  OC 

give-away  price  of . 

AN27/ARN5  ANTENNA 

NO.  260.  Standord  blind 
landing  antenna  system. 
I  V  <Pn  Brand  new  in  original 

^  ^y.3U  crate.  Ship.  Wgt.  14  Ibs. 

AS114/APT  ANTENNA  SYSTEM 


$9.50 

RCA  SATURABLE  REACTOR  TRANSFORMER 
NO.  246.  New  RCA  No.  CRV30S31  AC 
current  750  MA  DC  current  2  Amperes.  BinH 
Rated  1.75  henries.  Ship- 

ping  wgt.  4  lbs.  Each .  ^  I  •UU 

—  12.6V  POWER  TRANSFORMER 

NO.  247. 


PNew  cased  110  V  60  cy. 

Power  Transformer.  Supplies  440V  Ct. 
at  60  MA,  6.3V  at  2A.  and  12.6V  at 
1  Amp.  Excellent  for  military  sets. 
Shipping  Wght.  OC 

6  Ibs.  Each .  I  .73 

RCA  INPUT  TRANSFORMER  — 

NO.  248.  Heavy  duty  RCA  No  CRV-  ! 

30529.  Input  has  primaries  600  to  200 
and  35  ohms  se'ondary  250,000  ohms 
C.T.  Shipping  Wgt  'wsS* 

2  Ibs.  Each  !>  I  .UU 

REPLACEMENT  POWER  TRANSFORMER 
NO.  351.  Excellent  value  tronsform- 
ers  made  by  one  of  largest  trans- 
former  companies.  110V  60  cy.  Pri- 
mary  supplies  746  V  Ct.  at  150  MA. 
SV  at  4A  and  6.3V  at  4.5  Amps. 
Shipping  Wgt.  46/)  Qc 

7  lbs  Each  ^Z.73 

FEDERAL  POWER  TRANSFORMER 
NO.  252.  New  cased  110V  60  cy. 

Power  Transformer.  Supplies  480V  CT 
at  50  MA  and  6.3  V  at  3.1  Amps.  A  ■ 
beautiful  transformer.  Ship-|6  g 
ping  Wgt.  4  Ibs.  Each  3  I  *31/ 

HEAVY  DUTY  6-12-24  VOLT  VIBRATOR 

%NO.  253.  A  husky  vibrator 
used  on  army  transmitter. 
Rated  30  amperes  at  6  Volts 
220  cycle  with  contacts  for 
12  and  24  Volts,  Synchronous 
type,  has  many  industrial  ap¬ 
plications.  Ship. 

Wgt.  3  Ibs. 

4  CHANNEL 
PUSH  BUnON  TUNER 
NO.  254.  Permeability  tuner  from 
BC  728  containing  RF,  first  detector,  fSSSmS^k 
and  oscillator  coils.  Covers  3  to  5  MC.  ^Jcjn^Kfr 
Complete  circuit  diagram  furnished.  <«SCCHQ 
Shipping  Wgt.  Cfl 

2  Ibs.  Each .  ^Z.3U 

Q  CONDENSER  SPECIAL 

NO.  255.  An  ideal  oil  filled  power 
supply  filter  used  in  army  16  tube 
unit,  has  2.5,  3.5  and  5  MFD  all  at 
600V  D  C.  rating.  Shipping  g  cn 
Wgt.  3  Ibs.  Each  I  .3U 


NO.  261.  New  blade  - W 

type  antenna  complete  $7.50 

with  case  assembly, 

in  original  carton.  Snipping  Wgt.  9  lbs. 

AS1 15/APT  ANTENNA  SYSTEM 


une 


NO.  262.  New  blade  type 
antenna  complete  with  case 
assembly,  in  original  carton.  Ship.  Wgt.  11  Ibs. 

AT38A/APT  RADAR  ANTENNA  - - 

NO.  263.  New  rodor  dome  type  an-  V¥j7 

tenna  with  mounting  base  and  con- 
nections,  in  original  car-  C/\  A 

ton.  Ship.  Wgt.  11  Ibs.  3  ^  ^*31^ 

AN104A  BLADE  ANTENNA 
JTM  NO.  264.  Standard  blade 

3  l.*3w  antenna  used  on  many  mili¬ 

tary  fighting  planes  with 
cooxiol  connection  at  base. 
Shipping  Wgt.  3  Ibs. 

BENDIX  MT51C  TRANSMITTER  CONTROL  BOX 

NO.  235.  Contains  channel  switch,  G|HHB 

emission  switch,  send  receive 

switch,  power  switch  and  indicators 

for  Bendix  aircraft  trans- 

mitters.  Ship.  Wgt.  3  Ibs.  33 >3^ 

BC676b  remote  control  box 

NO..  265.  Motor  starting  control 
box  has  starting  and  stopping 
switch,  indicator,  cable  and  pluq. 
Wooden  case.  Ship.  QC. 

Wgt.  6  Ibs.  Each  3  ■  *^3 

BK22  RELAY  ASSEMBLY 

NO.  266.  Used  on  SCR  269  _ _ 

Radio  Compasses.  Contains 
and  relays 

—  junction  box  of  aluminum. 

Brand  new.  Ship,  T  / 

Wgt.  7  Ibs.  Each  3v3.73  ^  G 

HEINEMANN  CIRCUIT  BREAKER 

NO.  267.  Heavy  duty  type  7  Amp. 
24  Volt  D.C.  Many  uses  around 
shop.  Shipping  xg/g 

Wgt.  2  Ibs.  Each .  3  I  *1^ 

CUTLER  HAMMER 
MOTOR  FIELD  CONTROL 
NO.  285.  Rated  10  ohms.  3.3  Amps. 

Maximum.  6V7"  diameter  with  knob 
and  mounting  feet,  can  be  used  to 
regulate  generator  output  voltoge. 

Shipping.  Wgt. 


STANDARD  BRAND 
TELEVISION  CONDENSER  j. 

No.  256,  .05  MFD  at  7500v.  rating. 

Excellent  Television  Coupling  Con-  ■  *1 

denser  with  mounting  bracket.  I  i 

Shipping  Wgt.  CA 

3  Ibs.  each  .  3<D.;?W  ^ 

BC746  TUNING  UNIT  | 
NO.  257.  Plug  in  tronsmiHer  ^ 
tuning  unit  from  army  Wolkie  i 
Tolkie.  Contains  ontenno  and  J 
tank  coils,  tuning  condenser, 
transmiMing  and  receiving  crys- 
tals.  Ideal  tronsmiHer  founda-  ^ 
tion.  Shipping  Wgt.  (h  g  f\f\  '' 

1  lb.  Each  31  •  W  S 

(Same  as  above  except  trans-  ; 
miner  crystal  in  80  meter  ama-  : 

teur  band . $2.50  each)  ¥ 

T30  THROAT  MICROPHONE 
NO.  258.  Makes  excellent  contact  'i 

microphone  for  musical  instru-  — i/?V 

ment  or  vibration  pick-up.  Ship-  v 

ping  Wgt.  1  lb.  $1.00  eoch 

Extension  cord  with  switch  for  V/  V 

above  . . . $  .50  each 


Mar 


Tune 


PENN  THERMO  RELAY 
NO.  268.  Thermo  Relay  with  a 
range  of  45  to  100  complete 
with  5  Ft.  flexible  cable  to  im- 
mersion  bulb.  Ship-  I 

V  ping  Wgt.  6  Ibs.  3w»« 

B&  W  llto  14  MC  TANK  COIL 

NO.  281.  Plug  in  type  used  on 

BC  610  Transmitter.  New,  original  wgtpMV 

cartons.  Shipping  ^g  fTrTl 


9  SEARCHLIGHT  SECTION 


0-20  DC  V  WESTON  506  2^4*  RD  1000  H/V 

$3.50 

0-30  DC  V  QE  2H'  ED  250  B/V . $2.05 

0-30  DC  V  DE  JUR  AM8CO  2^4'  RD . $2.50 

0-50  DC  V  READRITE  2V4*  RD  STAMPED  Min' 

C8  . jl.OO 

0-50  DC  V  WH  3H'  RD  200  B/V . $3.95 

0-200  DC  V  WH  3H'  RD  1000  B/V . $3.05 

0-500  DC  V  WH  SH*  1000  R/V . $7.00 

0-600  DC  V  SIMP  214*  RD  W  EXT  RES.  $4.00 
0-750  DC  V  WESTON  SOI  8H'  RD  MET  CS 

1000  B/V  . $11.00 

0-1.5  KV  DC  WH  814*  RD  1000  R/V . $7.25 


TOGGLE  SWITCHES 

QMMttty 

45.000  8FDT.  with  ocnter  off  DaMUon. 

5  Amp  125  Volt  A.C.,  u  Amp  24  Volt 

Cutler  Hammer  type  B-OA 

Bet  heodie.  luminous  tip.  2  bole  mtc. 

10,000  DPDT  with  oeoter  off  position, 

‘80  Amp  125  Volt  A.C. 

Cutler  Hemmer  type  C-t 

Bet  hendle,  luminous  tip,  2  hole  mU. 

8700  DPDT  with  center  off  position 
Cutler  Hemmer  type  882-IKl 
Bet  hendle,  luminous  tip  single  hole  mtg. 

MICROSWITCHES 

QuesMiy 

8200  BPNC  10  Amp  125  TOlt,  5  emp  250  Tolt 
Mlcroewitch  C^.  type  s.  WZRQl-OMASS 
$4*  single  hole  mounting 

$600  8IVO  10  Amp  125  TOlt,  5  emp  250  Tolt 
Mlcniewitoh  Oorp.  type  i.  TZ  BQ1-023A38 
H*  single  hole  mounting 

1000  SPNC  10  Amp  125  rolt,  5  emp  250  volt 
Micro  switch  Corp.  type  WZ-BQ1-023A38 
%'  single  bole  mounting 

2500  &NO  10  Amp  125  volt  5  Amp  250  rolt 
Mloroswltch  Corp.  type  TZE7RQT  in  ex¬ 
plosion  proof  ease 

1000  8PNO  10  emp  125  toU  5  emp  250  .  rolt 
Microswltcb  Corp.  type  YZE-7RQ2TN  In 
explosion  proof  case  with  roller  arm 
Olmlt  switch) 

CIRCUIT  BREAKERS 

Quantity 

5000  5  Amp  Single  Pole 

“Cll:;;::!"  Spencer  Thermostat  type 

C636S-C-S-J 

100  10  Amp  Single  Pole 

Bnencer  Thermostat  typo 

C636S-M-5-K 

1000  15  Amp  Single  Pole 

“C.—zz."  Spencer  Thermostat  type 

C6363-D-5-Z 

400  15  Aipp  120  Volt  Double  Pole 
Heinemen  Cat.  #0822.  Curre  D 

600  0  Amp  125  Volt  single  Pole 

Helneman  Cat.  #PO  411TS  curre  Inst. 


SPECIAL  METERS 

FREQUENCY  METER  JBT  SO-F  Duel  Range 
oorers  frequency  ranges  from  48-52  cycles  A 
58-6$  cycles:  Duel  eOament.  ribretlng  re^  t.vpe, 

115  ToU,  SV4*  Bd  flash  metal  case . @  $5.05 

FREQUENCY  METER  Range  350  to  450  cycles. 
115  rolt  A.C.  iron  core  dynamometer  type 
morenkent,  5  cycles  i>er  scale  dirlslon.  Black 
scale  luminous  marking!)  Weston  model  637,  St4' 

Aircraft  style  . A  $4.95 

FREQUENCY  METER  50  to  70  cycles.  Westing- 
house  HT  5H'  Square  ProJ.  mtd  case:  Accuracy 
within  1%.  electric  d.\namometer  type  move¬ 
ment;  Comp  with  ext.  reactor . A  $45.00 

FREQUENCY  METER  58  to  62  cycles.  Westing- 
house  HT  5^  square  i»'Oj.  mtd  case  accuracy 
within  1%  Electric  Dynamometer  type  more- 

m«it;  Comp,  with  ext  reactor . 9  $39.50 

HOUR  METER.  Totals  to  99.999.0  hours  and  re¬ 
peats.  WH  NH-35,  8V4'  Rd.  fl  bake  case.  Oper¬ 
ates  on  230  rolt  60  cycle . @  $8.50 

D.  C.  MILUAMMETER.  Weston  271  fan  type. 
1-0-1  MA  (00-0-60  M.V.)  movement  Sc.  cal 

600-0-600  R.P.M . @  $12.50 

DECIBEL  METER.  Weston  606  minus  10  to  plus 
6.  6  MW  in  600  ohms  $H'  Rd  fl  hake 

case . @  $5.50 

DECIBEL  METER,  —10  to  plus  6  Weston  301-21 
SH'  Rd  fl  bake  case  6  MW  600  ohms...®  $8.50 
DECIBEL  METER.  —10  to  plus  6  WestInghouse 
NC-S6  8H*  rd  fl  bake  case  6  M.W.  600  ohms 

aero  DB  =  1.89  V . ®  $5.95 

RECTIFIER  TYPE  MILLIAMMETER.  Weston 
Model  545.  type  81,  4'  Aircraft  type,  full  sc.  = 
1.1  MA  AC,  940  UA  D.C.  mrt..  70  ohms  re- 
slstanoe  of  moring  coil,  bl  so.  calib 

0-270*  . @$6.50 

SIBNAL  STRENGTH  “8“  6  ohms.  8  MA  Simp¬ 
son  25.  8H'  Rd  fl  bake  case . @  $4.50 

RECTIFIER  TYPE  MICROAMMETER.  HlcAok  2* 
Ring  mtd.  met  case  700  UA  D.C.  1 

MAAC  . @  $2.50 

RECTIFIER  TYPE  MICROAMMETER,  500  O.E. 
DO-55  3'  fl  bake  case  sc  cal  Plate/Blas 

2000  ohms  per  V . @  $4.95 

RECTIFIER  TYPE  MICROAMMETER.  1.2  VAC 
Weston  301  8%'  Rd  fl  met  case  625  micros  sc 
cal.  Power  li^el  Ind . @  $6.50 


PANEL  METERS 

0-8  AC  V  WESTON  476  8H'  RD . $3.50 

0-15  AC  V  GE  2H'  RD  BL  SC  800  CY . $2.50 

0-15  AC  V  UE  2V4'  RO  BL  BLANK  SC  18-122 

$2.50 

0-15  AC  V  QE  3V4'  RD  BL  SC . $3.00 

0-16  AC  V  WH  3V4'  RD  . $3.95 

0-75  AC  V  WESTON  517  2*  RD  MET  CS  RING 

MTD  . $2.95 

0-130  AC  V  WH  314'  RD  BLANK  SC . $3.00 

0-150  AC  V  BURL  214'  UD  . $2.95 

0-150  AC  V  BURL  214'  BD  MET  CS . $2.95 

0-150  AC  V  HICK  214'  RD  MET  CS . $2.95 

0-150  AC  V  WESTON  517  214'  RD  MET  CS  BL 

SC  400  CY . $2.50 

0-150  AC  V  WESTON  517  214'  BD  MET  CS  .  $2.95 

0-150  AC  V  GE  314'  BD  BL  SC  . $4.50 

0-150  .\C  V  GE  314'  RD  400  CY  . $4.00 

0-150  AC  V  GE  314'  RD  BL  SC  400  CY...$4.00 

0-150  AC  V  GK  314'  RD  . $5.50 

0-150  AC  V  TRIP  314'  RD  . $4.50 

0-150/300  AC  V  TRIP  314'  RD  W  RES  FOR 

300  V  . $5.50 

0-150  AC  V  WTI  314'  RD  400  CY . ....$4.50 

0-150  AC  V  WH  314'  RD . .*...$5.50 

0-150  AC  V  VU  314'  RD  SURF  MTD  MET  CS 

$3.00 

0-300  AC  V  BURL  314'  RD  . $8.00 

0-300/600  AC  V  BURL  314'  RD  W  RES  FOR 

600  V  . $7.00 

0-500  AC  V  GE  814*  RD  . $12.00 

0-5  AC  A  WH  314'  RD  . $4.95 

0-16  AC  A  STEBL  2'  SQ  POLARIZED  V.\NE  MVT 

$1.50 

0-30  AC  A  TRIP  314*  RD  . $4.00 

0-60  AC  A  GE  314'  RD  . $4.50 

0-60/120  AC  A  BURL  314'  W  EXT  CURRENT 

TRANSFORMER  . $7.50 

0-60/120  AC  A  BURL  314'  LESS  CLTIRENT 

TRANSFORMER  . $4.50 

0-75  AC  A  TRIP  314'  RD . $3.50 

0-3  DC  V  SIMP  2'  RD  MET  CS  RING  MTD 

$2.00 

0-3  DC  V  TRIP  214'  RD  BL  SC  MET  C8.$2.00 
0-3  DC  V  WESTON  506  214'  RD  BL  SC... $2.50 
0-3-0-3  DC  V  WII  214'  RD  SURF  MTD  200 

R/V  . $1.25 

0-5  DC  V  WH  214'  RD  200  R/V  F.  S.  5  MA.$3.50 

0-10  DC  V  SI:N  214'  RD  100  R/V . $2.50 

0-15DCVGE  2>4'  BD  BL  SC . $2.50 

0-15  DC  V  GRUEN  214'  RD . $3.50 

0-15  DC  V  MC  CLINTOCK  214'  BD  BL  SC 

1000  R/V  . $3.00 

0-15  DC  V  MC  CI,INTOCK  2'-.'  RD . S2.00 


TACHOMETER  0-20.000  RP.M.  Port.  Chron. 

type.  Jaeger  #43A6 . @  $24.50 

TACHOMETER  300-1200.  1000-4000,  3000-12000 
R.P.M.  Mult.  Range.  Cont.  Indicating.  Jones 

Motrola  . @  $24.50 

INSULATION  TESTER  0-20.  &  0-200  Megohms, 
Weaton  796,  port.,  w.  500  rolt  int.  vibrator 

power  supply  . @  $39.50 

GASOLINE  HEATER  15,000  B.T.U.  Approx.  75- 
100  Watt  power  consumption,  oi>erates  24-28 
Volt  with  Inst,  for  use  on  110  volt  A.C.  Galvin 

(Motorola)  Mfg.  Co . @  $22.50 

CURRENT  TRANSFORMER,  portable.  Weston 
461-4,  5  Amp.  sec.,  50,  100.  200,  250,  500, 

1000  Amp.  prl..  14%  Acc.  15  VA . @  $35.00 

PORT.  A.C.  AMMETER  0-2.5.  0-5.  0-10  Amp. 
Mult,  range.  Weston  433  use  with  461-4  C.T. 

■<'  S55-00 


All  Items  are  Surplus — New — Guaranteed.  C.O.D.’s  not  sent  unless  accompanied  by  25*A  Deposit. 

Orders  accepted  from  rated  ooneoms,  public  Institutions,  etc.,  on  open  account. 

The  above  Is  only  a  partial  listing  of  the  many  Items  we  have  In  stock.  Send  for  free  circular. 
MANUFACTURERS,  EXPORTERS.  DEALERS — we  Invite  your  Inquires. 

MARITIME  SWITCHBOARD 

336  Canal  Street  Worth  4-8217  New  York  13,  N.  Y. 


We  also  have  In  stock  various  surplus  components, 
able  for  every  requirement,  such  as  portable,  panel, 
switchboard,  laboratory  standards,  etc. 

OVER  50,000  METERS  IN  STOCK 

We  also  have  In  stock  various  surplus  components, 
tubes,  code  keying  and  recording  units,  code  training 
sets,  tachometers,  analygers,  tube  testers,  converters, 
precision  resistors,  current  transformers,  transmitters, 
receivers,  condensers,  and  other  electronic  units,  parts 
and  accessories. 


0-M  DC  MICRO  WESTON  301  314*  RD  SPECIAL 

SC  . . 

0-150  DC  MICRO  GE  214'  RD  BL  SC . $4.50 

0-100;0;100  DC  MICRO  WE  814*  BD  CONC 

STYLE  950  OHMS . $6  50 

0-200  D  C  MICRO  QE  314*  RD  SPECIAL  SC' 

SUPER  4'  RECT  500  OHMS 

Dx  JCCXAli  oC  eeeeeeeaeeeeeeeae.e*** 

0-^  DC  MICRO  TRIUMPH  4'  RECT  500  OHMS 

^  MiCKO’DE  j^' AMScb214*‘BD.$3.00 
0-5M  DC  MICRO  SIMPSON  214'  ^ 
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P(lc« 

<49.M 

4.M 

4.95 

8.M 

.59 

.59 


Price 

$  .44 


m  SEARCHLIGHT  SECTION  ® 


ELECTRONICS  — December,  1948 


LARGEST  STOCK  OF 

ALL  BRAND  NEW— STANDARD  BRANDS 


TUBES 


IN  THE  COUNTRY 

MINIMUM  ORDER  $5.00 
QUANTITY  PRICES  ON  REQUEST 


Type 

1B33 . 

1B34 . 

1B37 . 

1B54 . 

IN3i ; . . . , 
1N33 . 


1P33 .  11.54 

1P34 .  3.44 

1S31 .  1.95 

3AP1 .  3.95 

3B33 .  5.35 

3B134 .  4.95 

3C33 . 39 

3C34A . 75 

3C34 . 59 

3C44 .  1.98 

3C43 .  7.54 

3044 .  1.75 

3C44 .  7.54 

3031 .  1.49 

3E33 .  1.54 

3E34 .  4.95 

3E35 .  4.35 

3E34 .  3.95 

3E34 .  3.49 

3J31A .  14.95 

3J34 .  14.95 

3331 .  34.95 

3333  .  34.95 

3333  .  34.95 

3334  .  34.95 

3337  .  34.95 

3338  .  37.54 

33B51 .  4.95 

3354  .  35.44 

3IU5 .  .,4.95 

3AP1 .  4.95 

3B,3 .  4.95 

3B33 .  4.95 

3B34 .  1.95 

3B35 .  1.35 

3B34 .  5.95 

3BP1 .  3.95 

3C31 .  5.95 

3C33 .  13.95 

3C33 .  4.95 

3C34 . 49 

3C34 .  1.54 

3CP1 .  3.44 

3BPI .  3.95 

3EP1 .  3.95 

3E39 .  4.95 

3PP7 .  3.95 

4-43A .  14.54 

4-I35A .  37.54 

4-354A . 37.54 

4A1 .  1.98 

4API4 .  4.95 

4B34  .  4.95 

4C35 .  19.95 

4334 .  114.44 

4333  .  49.54 

5AP1 .  4.95 

5AP4 .  5.95 

5BP1 .  3.95 

5BP4 .  4.95 

5CP1..: .  3.95 

9CP7 .  13.95 

5031 .  39.95 

5FP7 .  3.95 

5GP1 .  9.95 

5HP4 .  9.95 

9LP1 .  11.95 

4AF4G . 88 

4C31 .  31.95 

434 .  .  3.95 

4Q5G .  1.35 

7BP7 .  4.95 

7EP4 .  17.95 

7GP4 .  19.44 

9GP7 .  15.44 

91.P7 .  4.95 

9MP7 .  14.95 

14BP4 .  34.95 

14HP4 .  49.54 

14Y . 49 

14SPEC . 49 

130P7 .  14.95 

I3GP7 .  14.95 

133  P4 .  44.44 

15AP4 . 135.04 

15E .  1.54 

15R .  1.54 

34AP4 .  374.44 

3304 . 49 

34G . 98 

45SPEC . 49 

75TL .  3.95 

194TH .  13.95 

144T.S .  3.00 

103F .  4.04 

114A . 69 

II4B .  1.35 

130 .  5.95 

131A .  3.45 

303B .  10.95 

303R .  5.95 

304A .  49.95 

305B .  4.50 

310HF .  17.95 


Type 

Price 

Type 

Price  j 

Type 

Price 

311 . 

.  $  .48 

851 . 

.  S75.00 

HY31Z . 

35.50 

31SA . 

3.00 

852 . 

.  14.95 

HY45 . 

2.49 

317C . 

7.58 

888 . 

HY68 . 

318 . 

.  4.95 

841 . 

.  4f.95 

HY75 . 

1.25 

331A . 

3.85 

884 . 

HY114B.  . 

333A . 

120.00 

885 . 

irvii5... 

327A . 

.  3.95 

844A . 

.99 

HY415 . 

1.25 

341B . 

.  88.88 

888JR . 

3430 . 

.  5.95 

848 . 

1.95 

HY123IZ.  .. 

5.50 

3490 . 

3.49 

849B . 

.  75.00 

HY1249 . 

5.50 

390R . 

.  7.95 

872A . 

.  2.95 

KC4 . 

105.00 

3S0TH . 

.  19.50 

874 . 

.  3.49 

KL'474 . 

22.00 

350TL . 

.  18.58 

878 . 

ML188.  .  . 

352A . 

.  4.95 

878 . 

.  3.49 

MLIOl . 

150.00 

359A . 

4.95 

879 . 

.89 

ML502 . 

300.00 

374A . 

1.25 

884.- . 

1.49 

MR4 . 

90.00 

374B . 

1.25 

885 . 

.98 

OK59 . 

39.50 

383A . 

8.85 

982P1 . 

QK68 . 

301A . 

4.85 

984 . 

304TH . 

8.85 

985 . 

QK63 . 

304TL . 

1.48 

920 . 

REL21 . 

305A . 

.  13.85 

933 .  * 

RKI3 . 

307A . 

.  4.95 

931 A . 

4.95 

RK21 . 

3.95 

310 . 

4.85 

950 . 

311A . 

1.88 

953B . 

314A . 

.49 

954 . 

«  .75 

RK33 . 

.98 

333A . 

.  138.88 

955 . 

RK34 . 

58 

337A . 

.  4.95 

954 . 

.75 

KR59 . 

3.95 

3.91A . 

.  4.95 

957.. . 

.75 

RK45 . 

24.95 

33SA . 

4.85 

958A . 

RK68 . 

350  A  B . 

3.85 

959 . 

RK68 . 

48.58 

353A . 

4.85 

991 . 

354C/D . 

.  19.95 

1000  SPEC. 

24.9.5 

RK73 . 

3.95 

348AS . 

4.85 

1888T . 

RK75 . 

4.25 

37IA . 

.  3.95 

1408 . 

4.95 

RX120 . 

10.00 

371B . 

3.85 

1811 . 

SDH88 . 

388A . 

7.85 

1413 . 

TB35 . 

1.88 

393A . 

7.85 

1814 . 

TZ48 . 

2.85 

3WA . 

4.58 

1414 . 

1.38 

UX6653 . 

3.85 

417A . 

.  34.85 

1419 . 

V78D . 

8.85 

434A . 

3,85 

1421 . 

1.88 

VR75 . 

•88 

44  5A . 

1.95 

1422 . 

1.75 

VR78 . 

.75 

45/rH . 

.  34.85 

1424 . 

VR88 . 

.75 

503 . 

.  195.00 

1425 . 

.49 

VR91 . 

1.49 

.537 . 

.  13.95 

1424 . 

.49 

VR92 . 

.75 

531  . 

.  34.50 

1427 . 

7.95 

VR105 . 

.75 

575A . 

.  14.95 

1428 . 

4.95 

VR150 . 

.98 

632A . 

.  9.95 

1429 . 

.49 

VT127A . 

3.00 

781 A . 

4.85 

1638 . 

VUlll . 

1.18 

703A _ 

3.95 

1431 . 

1.50 

WL440 . 

14.95 

703A . 

.  4.95 

1434 . 

.79 

WL448 . 

14.95 

704A . 

1.98 

14.35 . 

1.10 

WL532A _ 

4.95 

745A . 

.  2.95 

14.34 . 

5.55 

WL542 . 

150.00 

'06BY . 

.  34.95 

14.38 . 

.98 

WL414 . 

105.00 

7040 Y . 

.  24.95 

1441 . 

.79 

WL419 . 

49.50 

707A'B.... 

.  24.95 

1442 . 

■  .98 

Z225 . 

1.95 

708A . 

7.95 

1444 . 

1.49 

0A2 . 

1.49 

709A . 

.  9.95 

14,54 . 

l.*>8 

0A3/  VR75  . 

.98 

718A . 

1665 . 

0A4G . 

1.88 

713A . 

1.45 

1851 . 

1.25 

0B2 . 

2.05 

714AY . 

.  14.95 

18.52 . 

1.04 

0B3  VR90.  . 

.75 

7I5A  B _ 

9.95 

18.53 . 

1.04 

0C3  VR10.5. 

.75 

7150 . 

.  34.95 

1943 . 

.85 

0D3/VRI5O 

.75 

7I7A . 

.99 

20.50 . 

I.I9 

OY4 . 

.88 

730OY . 

.  34.95 

2051 . 

.58 

0Z4 . 

.88 

73IA  B _ 

4.35 

2140 . 

20.00 

OZ44 . 

.88 

723AB . 

5514 . 

4.85 

81A . 

.58 

724A/  B. , . 

5516 . 

5.85 

IA3 . 

.73 

728A . 

5563 . 

IA4 . 

1.38 

724A . 

.  33.  .50 

7193 . 

..39 

1A4P . 

1.54 

750TL . 

.  49.50 

8003 . 

5.95 

IA5GT . 

.72 

8M . 

8885 . 

4.85 

1A6 . 

1.38 

801 A . 

.98 

8888 . 

.3.75 

IA7GT . 

.80 

802 . 

3.95 

8811 . 

2.'>5 

1B3GT . 

1.49 

803 . 

8.95 

8012 . 

4.95 

IB4 . 

1.54 

8813 . 

3.85 

1B5  25S. . . 

1.38 

805 . 

5.95 

80»4A . 

24.«*5 

1C5GT . 

.88 

886 . 

.  17.50 

8816 . 

1.49 

1C4 . 

1.28 

807 . 

1.25 

8838 . 

3.95 

IC7G . 

1.28 

8837 . 

7,*'5 

ID5GP . 

1.55 

809 . 

2.95 

r.5B . 

12.55 

ID7G . 

1.28 

810 . 

7.95 

r4A . 

8.85 

ID8GT. . . . 

1.54 

06.1 . 

12.95 

1E7G . 

1.54 

rF072 . 

1.95 

IF4 . 

1.04 

8I2H . 

8  88 

CKIOOS  . .. 

.39 

1F5G . 

1.04 

813 . 

8.8.8 

CKIOOO... 

.68 

IF4 . 

1.54 

CKIOOO.... 

4.95 

1 F7G . 

1.54 

FF.50 . 

.79 

IG4GT. . . . 

1.04 

FI  .3C . 

4.«5 

1G4GT.... 

1.04 

FL22.5 . 

1.95 

IH4G . 

.88 

.88 

F123A . 

n.ns 

1H5GT...  . 

.44 

FI.7A . 

27.50 

IH4G . 

1.38 

6.85 

F440 . 

150.00 

IH4GT.... 

1.28 

878A  B.  .  . 

7  85 

FG17 . 

3.75 

1J4GT . 

1.28 

1  8?8R  3E28. 

4.85 

FG27A .  .  . : 

8.85 

,  11.4 . 

.80 

FG47 . 

17.95 

ILA4 . 

1.04 

FG81A.  .  .  . 

11.85 

II.  A4 . 

1.04 

FG10.5 . 

19.95 

U.P4 . 

1.06 

FGI72A.  .  . 

37.  .50 

1I.C5 . 

1.04 

FG23.5 . 

.59.50 

I1.C4 . 

1.04 

FG238B . . . 

140.00 

IID5 . 

1.04 

GM44 . 

11.00 

ILF3 . 

1.06 

GL207 . 

IK.OO 

.  II  G5 . 

1.04 

GI.530 . 

49.50 

1I.H4 . 

1.04 

GL.559 . 

.5.  .35 

1LN.5 . 

1.88 

GI.405 . 

750.00 

IN.5GT 

.88 

GI  497 . 

1.50.00 

1  IP5GT 

1.04 

HFIOO . 

3.''5 

'  105GT  .  . . 

1.88 

,  .  88,88 

HF200..;.. 

17.95 

1R4 . 

1.04 

849H . 

.  .  40.00 

HY24 . 

1.50 

1  IR5  . 

.80 

Type  Price 

154  . .$  .96 

155  . 72 

1T4 . 84 

1T5GT . •  1.44 

lt'4 .  .84 

1U5 . 73 

tv . 88 

3A3 .  1.38 

3A4G .  1.38 

3A5 . 88 

2A4 .  1.46 

2A7 .  1.44 

3E5 . 88 

2V3G .  1.98 

2X2A .  1.35 

3A4 . 39 

3A5 .  1.39 

3A8GT .  1.98 

3B7 . 34 

304 . 34 

304 . 88 

305GT . 94 

3S4 . 84 

3V4 .  .84 

5AZ4 .  .54 

5R4GY .  1.15 

I  *T4  .  1.28 

I  5U4G .  64 

;  5V4G . 94 

!  5W4GT . 64 

,  SX4G .  .73 

5Y3GT . 43 

5Y4G . 64 

5Z3 . 73 

5Z4 .  ...  1.46 

4A3 .  1.38 

4A6 .  1.44 

4A7 . 84 

4A8 . 84 

4A8GT . 84 

4AB7,  1853...  1.44 

4ACSGT .  1.16 

6AC7  1853.  . .  1.16 

4A07G .  1.38 

‘AG5 .  1.44 

4AG7 .  1.38 

4AH4 .  3.94 

4AJ5 . 99 

4AK5 .  1.54 

4AK4 . 94 

4.\L5 . 84 

4AL7GT .  1.44 

I  4A07GT . 88 

4AR5 . 64 

4A55 . 84 

4AT4 . 64 

4Ar6 . 84 

4AV6 . 64 

4B4G .  1.38 

4B5  .  1.56 

6B6G . 88 

I  4B7 .  1.38 

6B8 .  1.38 

6B8G .  1.38 

6RA6 . 84 

6BE6 . 73 

;  6BG6G .  1.93 

6BJ6 . 84 

‘  60.4 . 39 

605 . 64 

4C5GT . 44 

I  4C4 . 84 

4C:8G .  1.38 

I  404 . 66 

,  6n8G .  1.38 

4F5 . 85 

I  6F5 . 66 

I  6F.5GT . 66 

6F6 . 84 

’  6F6GT . 66 

6F7  ...*. .  1.46 

6F8G .  1.38 

,  6G6G .  1.46 

6H6 . 64 

6H6GT . 64 

I  6J5 . 54 

'  6J.5GT . 54 

i  6J6 .  1.16 

I  6J7 . 84 

4J7GT . 84 

I  6J8G .  1.38 

I  6K5GT .  .96 

6K6GT . 64 

I  6K7 . 66 

1  6K7GT.  _  .64 

4K8 . '•4 

4K8GT . 94 

,  6I.5G .  1.46 

I  61.6 .  1.43 

,  6L4G .  1.16 

61.4GA  1.16 

!  41  7  96 

41  7G .  1.14 

4N4G .  1.54 

4N7  94 

4N7GT  .96 

6P5GT . 96 


Type 

Price 

4Q4G^4T7G  . 

31.04 

407 . 

.80 

407GT . 

.72 

6R7 . 

1.04 

4R7GT . 

1.04 

4S7 . 

1.28 

4S7G . 

1.28 

4S8GT . 

1.04 

4SA7 . 

.44 

4SA7GT . 

.44 

4SF7 . 

.72 

4SD7GT . 

.49 

4SF5 . 

.44 

4SF5GT . 

.72 

4SF7 . 

.80 

4SG7 . 

.80 

4SH7 . 

.39 

4SJ7 . 

.44 

4SJ7GT . 

.88 

4SK7 . 

.44 

4SK7GT . 

.44 

4SL7GT . 

.94 

4SN7GT . 

.88 

4SR7 . 

6SR7GT . 

4SS7 . 

6SV7 . 

605  4G5 . 

6U7G . 

6V4 . 

6V4GT . 

4W7G . 

4X4 . 

4X5GT . 

4Y4G . 

4ZY5G . 

7A4  XXL.... 

7A5 . 

7A4 . 

7A7 . 

7A8 . 

7A07 . 

7AF7 . 

7AG7 . 

7AH7 . 

7B4 . 

7B5 . 

7B4 .  . . 

7B7  . . 

7B8 . 

7C4  1343A  . . 

705 . 

704 . 

707 . 

7E5/134I  . 

7E4 . 

7E7 . 

7F7 . 

7F8 . 

7G7/I333.  .  .  . 

7H7 . 

7J7 . 

7K7 . 

71.7 . 

7N7 . 

707 . 

7R7 . 

7S7 . 

7V7 . 

7W7 . 

7X7XXFM 

7Y4 . 

7Z4 . 

14 . 

13A . 

13A4 . 

13A4GT . 

13A7  .  . 

12A8GT  . 
13AH7GT 

12A1  5 . 

I2AT6 _ 

17AT7 . 

l3Ar4 . 

12Al'7 . 

12PA6 . 

12PF4 . 

1308  . 

I3F.5GT  .  . 

12H4  . 

12J5GT . 

17J7G . 

13J7GT . 

12K7GT  . 

12K8  . 

12K8GT 

I707GT 

I7SA7 . 

I2SA7GT  .. 

13S07 

12SF5 

13SF5GT  .. 
17SF7 

12SF7CT  .  . 

12SG7 . 

12SH7  . 

12S.I7 

12SJ7GT 


Type 

I3SK7 . 

13SK7GT.. 
12SL7GT . . 
13SN7GT.. 

12SQ7 . 

12Sg7GT.. 

12SR7 . 

I2SR7GT.. 

13X3 . 

13Z3 . 

14A7/12B7. 
I4AP7  XXI 

14B4 . 

14B8 . 

1405 . 

1407 . 

14E4 . 

14E7 . 

14F7 . 

I4F8 . 

I  14H7  . 

14J7 . 

14N7 . 


I4R7. . . . 

14S7 . 

14W7...  . 
14X7.... 
14X4.  .  .  . 
14Y4.  .  .  . 

19 . 

19T8.  .  .  . 

32 . 

34A . 

25AC5GT 

35A7GT 

25I.4GT 

25Y5 - 

25Z5  ... 

2.5Z6GT.  . 

24 . 

37 . 

2807 - 

30  . 

31  . 

32  . 

32L7GT  . 

33  . 

.94 . 

.95  51 _ 

.9.*A5  ... 
.95P5 

351  4GT 
35W4  . 

.95Y4  . 

357.3 . 

3574GT 
35Z5GT  . 

34  . 

37 . 

I  38 . 

39  44  . . . 

41 . 

43 . 

1  45Z5GT . 

,44 . 


.50 . 

.50A5 .  .  . 
50B5  . 

501  4GT 
50Y4GT 
.5.9 . 


89V  ...  . 

1171  7GT 

1I7V7GT 

117N7GT 

117P7GT 

11773 

11774GT 

I17Z4GT 

FM-IOOO 

1273 . 

9401 . 

9042 . 

9003  . 

9004  _ 

9005  . . . 

9006 


(ALL  TUBE  TYPES  IN  STOCK  NOW — SUBJECT  TO  PRIOR  SALE — PRICES  SUBJECT  TO  CHANGE  WITHOUT  NOTICE) 


20%  DEPOSIT 
WITH  ORDERS 

NIAGARA  RADIO 

SUPPLY  CORP.  9  1132  3-4 

UNLESS  RATED 

All  Prices  F.O.B. 

160  GREENWICH  STREET 

NEW  YORK  6,  N.  Y.  N.  Y.  C. 

NtW  GUAHANUEU  SURHUS 


Incorporated 
Surplus  Division 


SEARCHLIGHT  SECTION 


AUTOSYNS 


in 

10  rpm.  34  V. 

O 

S«rlM-wound.  1 
wire  reversible. 

(Frame  is  common  wire.) 

Ideal  for  relay  servo-systems.  Stock  itBA- 
17.  Price  $8.75  each. 


SPECIALS 


AT-IOID, 


400  Cycles 


Three  Phase 


Delco  PM  Motor~5068571 

Alnico  field.  37  v.  DC. 
10.000  rpm.  1'  x  1'  z  3". 
0.120  dlam.  shaft.  81/64” 
IK.  stock  #SA-161.  Price 
aiW*"  $3.75  each. 


Prices  on  Request 


at  B2  amps.  Output  three  phase  115  volts 
400  cycles  at  750  V.A.  0.90  P.P.  Also  sec¬ 
ond  output  of  26  volts  400  cycles  at  250 
V.A.  Voltage  and  frequency  regulated. 
Stock  #SA-134. 

Price  $99.50  each 

Leland  SD-»3 — (10258) — Input  28  volts  DC 
at  60  amps.  Output  115  volts  three  phase 
400  cycles  at  750  V.A.  0.90  P.F.  Second 
output  voltage  of  26  volts  400  cycles  at 
50  V.A.  Voltage  and  frequency  regulated. 
Designed  for  use  with  various  autopilots. 
Stock  iJSA-209. 

Price  $79.50  each 


SYNCHROS 


12V  D.C.  Motor 
John  Oster  B-9-2 


IG,  IF.  ICT,  50.  6P.  BCT. 
5DG.  6HCT.  5SF.  6HSF. 
etc. 


5600  rpm. 

1%”  Dlam.  X  3)i”  Lg.  Spline  shaft.  C.  W. 
rotation.  Stock  #SA-46.  Price  $8.75  each. 


Prices  on  request 


Blower  Assembly 
|A|^|B|  MX-215/APG 

John  Oster 

28  V.  DC.  7000  RPM. 
1/100  H.P.  #2  L-R 
■  Blower. 

Stock  #SA-202.  Price  $4.00  each 


SELSYN  SPECIAL 


SPERRY  PHASE  ADAPTOR  —  661102 
115  volts  400  cy.  Used  for  operating  8 
phase  equipment  from  single  phase  source. 
Stock  JlfSA-194.  Price  $6.75  each. 


W.E.  KS-5950-L2. 
Sise  5.  115  V.  400 
cycles.  Use  on  re¬ 
duced  60  cycles. 
Stock  «^SA-183. 
Price  $3.75  each 


Quotations  on  request  for 
the  following  inverters. 

General  Electric  5AS131JJ11A— (PE-218) 
.Vavy  Type  CRV-81AAR  O.E.  6AS121LJ2 
General  Electric  5D81NJ3A 
Holtzer  Cabot  MO-149H 
Holtser  Cabot  MO-149F 
WIncharger  PU7/AP 
Wincharger  MO-750 
Pioneer  12123-lA 
Pioneer  12117-2 
Pioneer  12117-5 


Kollsman 
775-01  Selsyn 


ROTATOR 


W1  rpm.  13  V.  DC  or  40  v 
60  cy.  operation.  Re¬ 
versible.  3%”  diam.  6” 
Ig.  diam.  spline  shaft.  Ideal  for  Ham 
or  television  antennas.  Stock  #SA-186. 
Price  $0.50  each. 


Ideal  for  Ham  use  as  tranamitter  or  re¬ 
ceiver.  6-12  volts  60  cycles.  26  volts  400 
cycles.  Stock  #SA-57. 

Price  $3.75  each 


Phase  Shift  Capacitor  —  4  stators  single 
rotor  0-360°  phase  shift.  (Use  in  complex 
wave  synthesis.)  Stock  3tSA-114. 


ALSO  IN  STOCK 


Synchron  10  RPM  Timing  Motog — 24  V. 
DC.  Stock  #SA-110.  Price  $3.75  each. 


SINUSOIDAL  POTENTIOMETERS 
SINE  COSINE  GENERATORS 

(Diehl  Types  FJE-43-9  and  FPE-43-1) 

PIONEER  TORQUE  UNITS 
KOLLSMAN  COMPASS  SYSTEMS 
AIRCRAFT  TACHOMETER  SYSTEMS 
AMPLIDYNES  -  MAGNESYNS 
'  DC  SERVO  MOTORS 
SERVO  AMPLIFIERS 
GYROS  -  AUTOPILOTS 


AC  SERVO  MOTORS 


DYNAMOTOR 


D-lOl.  V.  DC  in  ®  1.5 
ampe.  DC  output  285  v. 
®  .060  amps.  Stock 

#SA-187.  Price  $1.50  each. 


GENERATORS 

Elinoo  PM-2 


Pioneer— CK-2  and  10047-2A  for  400  cy. 
Kollsman — 776-01  for  400  cycles 
Diehl — PP-25-3,  FPE-25-11  (CDA-211052) 
and  ZP-106-14  for  60  cycles. 

Prices  on  Request 


2.0  V.  DC  per  100  rpm. 
Use  to  2000  rpm.  Stock 
#SA-53.  Price  $7.50  ea. 
ELINCO  F-16.  2  Phase  AC.  1.3  v.  AC  per 
100  rpm.  60  cy.  output  at  1800  rpm.  Stock 
#SA-193.  Price  $12.60  each. 


LP-21-LM  Compass  Loops 


110  RPM  MOTOR 

G.E.  5BA10J18D,  27  V.  Q  0.7  amps,  1  oz/ft. 
torque.  1%"  dlam.  x  3V4”  Ig.  Operates  on 
AC  or  DC.  Stock  #SA-98. 

Include  154 
for  P.P. 


SWEEP  GENERATOR  CAPACITOR 


Original 

Cartons 


Hi-speed  bearinga  Split 
stator.  Silver  plated  co- 
axial  type.  5-10  mmf. 
Stock  #SA-167.  Price  $2.75  each. 


Stock  #SA-99. 

Price  $9.50  each. 


TWX  Pat-199. 

Write  for  complete  listing, 
or  call  ARmory  4-3366 


Open  account  shipments 
to  rated  concerns. 

All  prices  F.O.B.  Paterson,  N.J. 


4  Godwin  Ave. 


Paterson,  N.  J 
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(p  SEARCHLIGHT  SECTION  <1 


TRANSTAT  VOLTAGE  REGULATOR 


GE  BATTERY  CHARGER 


Raytheon  RECTICHARGERS 


•Inpnt:  115 
Tolts  Ac,  60 
ejr.,  1  Ph.  .  .  . 
Ontpnt:  48  ▼. 
DC  at  S  am¬ 
peres  reirnlat- 
ed  and  ad- 
Jns  table. 
Charres  83  to 
84  cell  batterjr 
or  majr  be 
used  direct  as 
battery  elimi¬ 
nator. 

The  Raytheon 
Rectlchar^er 
is  deslKned  to 
supply  current 
at  constant 
voltage  to  any 
load  within  Its 
rating,  and  in 

addition  to  supply  curret.t  to  a  storage 
battery  connected  across  its  load,  of  suffi¬ 
cient  amount  to  maintain  full  charge.  The 
function  of  the  battery  la  to  supply  surge 
current  due  to  sudden  changes  In  load  and 
to  supply  current  above  the  rating  of  the 
Recticharger  for  temporary  overload,  and 
to  act  as  a  "stand-by"  source  of  power  in 
event  of  commercial  power  failure. 


Pw^m  Input,  ii.f  V,  eo 

ey..  1  Ph . 

Output.  Charges 
54  ceil  battery  at 
from  1  to  10  am- 
pere  rate. 
Complete  with 
■  H  spare  fan  and 
fuses.  Brand  new 
In  original  pack- 
Ing  cases.  Ship- 
I  ping  wt.  approx. 

306  lbs. 

The  model  6  RC 
89F1)>  Copper 
k  Oxide  Battery 

^^B  Charger  eonsists 
of  a  transformer, 
a  secondary  reac- 
W  tor,  a  copper  ox- 
•  Ide  rectifying  ele¬ 
ment,  a  ventilating  fan,  control  circuits 
and  auxiliary  equipment  necessary  for 
proper  operation.  Transformer  tapped  for 
various  supply  voltage.  Eight  secondary 
taps  for  adjusting  charging  rate. 


Max  KVA  Output . 11.6 

Single  Phase . 50-60  Cycles 

Fixed  Winding . 115  Volts 

Commutator  Range . 0-115  Volts 

Max.  Amperage  . 100 

With  reconnection  for  220  V.  Opera- 

tionr*  Max  Amperage . 50 

This  Transtat  has  wide  application  to  con¬ 
trol  temperature,  motor  speed,  illumina¬ 
tion,  rectifler  output,  filament  supply, 
voltage  compensation,  instrument  calibra¬ 
tion,  and  general  testing  and  laboratory 
use. 

Net  weight  134  Lbs.  Dim.  25"  W  x  16"  D 
X  17Vi"61  (Exclusive  8"  shaft  extension) 
Brand  New . $75.00 


BRAND  NEW....  $149.50 


BRAND  NEW 


STEPDOWN 

TRANSFORMERS 

Input;  119V.-60  cycles. 
Output;  20  V.,  St  10  amps. 
Also  upped  at  6V  ,  for  ^Int 
light.  Ideal  for  Selenium  Rec¬ 
tifler  Applications,  etc. 

Brand  New  $2.45 


SHOCK  MOUNTS 


LINEAR  SAWTOOTH 

POTENTIOMETER 

W.E.  No.  KS  15138 

The  d-c  potentiometer  consists  of 
a  closed  type  die-cast  aluminum 
alloy  frame  consisting  of  a  con- 
tlnuous  resistance  winding  to 
which  electric  power  is  supplied 
through  two  fixed  taps  180  de- 
frees  apart.  Two  rotating  brushea 
(180  decrees  apart  and  bearing  on 
the  resistance  winding)  and  two 
take-off  brushes  are  provided  for 
the  output  voltage.  Varying  the 
position  of  the  brushes  varies  the  output  volUge 
in  accordance  with  a  linear  sawtooth  wave.  The 
potcrulometer  is  excited  with  24-volt  direct  current, 
is  arranged  for  panel  or  bracket  mounting.  Is 
approximately  3-11/16  inches  in  diameter,  3  inches 
deep,  4%  Inches  long,  and  has  an  approximate 
ue.Kht  of  one  pound.  External  connectioiu  are 
made  through  a  standard  AN  t>pe  connector. 

Brand  New  $5.75 


\.  I.«r«l  £80,  3"  X  3"  X  iv«». 
B.  r.  S.  Kubher  £5150  C  2 

IS" . 

r.  Lord  £15  2S"  x  2%"  x  1 
O.  I.nrd  =10  l>i"  x  1  Vi  "  x  S 
E.  Lord  £3  lS"x  IS"  x  4(." 

BK.AND  NEW 


,  SELENIUM 
RECTIFIER 

Bridge  Type 
Input :  36  V.  AC. 

Output:  28  V.  DC..  1.1  Amps. 

Brand  New  $2.75 


k  SOUND 

P  POWERED 

TELEPHONE 
HANDSETS 

W.  E.  Type  TS-IOM. 
Complete  with  7  ft.  cord. 

Brand  New  .  .  .$16.95 


METER  SHUNTS 


MERCURY  CONTACT  RELAY 


PARABOLOIDS 


Western  Electric  D-1 68479 

For  applicatiqiLs  in  all  types  of  high  speeti  switching  dealcea. 
Ia>ng  service  life,  high  operating  speeds.  Large  current  and  volt¬ 
age  hanilling  capacity,  unlfoim  and  constant  operating  charac¬ 
teristics  under  adverse  atmospheric  conditions.  Hermetlcally- 
caled  mercury-wetted  contacts  in  gas-flUed  gla.S8  envelope.  Free 
troiii  moisture,  dirt,  corrosion  and  atmospheric  pressure.  Single 
pol-*  dtiuble  throw  contacts. 

IC09  hours  life  at  60  operations  per  tacond.  Two  coils  of  700 
ohms,  and  3300  ohms,  dperating  current,  coils  serios  aldlni — 4.6 
mils  Release  current,  coils  series  aiding— 5.2  mils.  Four  page 
Technical  Data  on  request. 

Brand  New  in  Original  Cartons,  $4.75 


Ideal  for  microwave  experimental  work. 

Spun  Magnesium  diahea 

Reinforced  Perimeter 

17Vii"  Diameter  x  4"  Deep 

Two  sets  mounting  brackeia  on  rear. 

Open  center  hole  IVi"  x  IH" 

Per  Pair,  Brand  New  .  .  .$8.75 


MOTOR  GENERATORS 

Bra^  New  War  Surplus  Machines  Built  by 

Allis  Chalmers  Co.  to  U.  S.  Nory  Specifica¬ 
tions. 

Input:  IISV.  D.C.  at  14  amps.,  3600  rpm. 

Output:  120V  A.C.,  60  CY.  1  ph.  ot  10.4 
amps.  1000  Watts  continuous  duty.  Ball 
bearings. 

Splashprooi.  Fully  enclosed.  Centriiugal 
starter. 

Frequency  adiustoble  to  load. 

Length  26";  Width  127/g";  Height  13". 

Price  $97.50 

Same  moebine  but  for  230V.  D.  C.  input. 

Price . $125.00 


RADAR  ANTENNAS 

SO  1  (10  cm.) . S149.S0 

SO-13  (10  cm.) . S129.00 

TDY  (10  cm.) . $95.00 

Radar  Repeater  Adapters,  Antenna  Con¬ 
trol  units  with  P  P  I  units,  Transmitter- 

Receiver  units,  etc.  lor  SO  Radar. 

All  B.-and  New  Equipment. 


DYNAMOTORS— 500  Watt 
Navy  Type  CAJO-211444 


Input;  105-130  Volts  D.C.,  6  amps.  Output 
13  or  26  Volts  D.C.  (26  V.  at  20  amps, 
in  series  ot  13  V.  at  40  amps,  in  parallel). 
Designed  lor  radio  use,  fully  R.F.  filtered, 
complete  with  separate  Square  D  line 
switch  box. 

BRAND  NEW  $59.50 


ACME  HUVOLT  TRANSFORMERS 

Primary:  115  V.,  60  cycles. 
Secondary:  8000  V.,  C.T.,  800  V.A. 
Brand  new  in  sealed  cans.  .  .  .  $27. 5< 


Prices  FOB,  Tuckohoe,  N.  Y. 
Subject  to  Change  Without 
Notice.  20%  With  Order  on 
C.O.D.  Shipments. 

5  WAVERLY  PLACE 


ELECTRONICRAFT 


All  merchandise  guaran-  g 
teed.  Immediate  delivery,  ! 
subject  to  prior  sole.  ■ 

TUCKAH0E7,NEW  YORK  ■ 

i' . 


INC. 

PHONE— TUCK AHOE  3-0044 
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_ gi  SEARCHLIGHT  SECTION  ® 

^  RELIANCE  Wishes  its  many  friends 
&  a  VERY  MERRY  CHRISTMAS  al 


—  CAPACITORS 

'  OIL  FILLID 

V.D.C.  Price:  MFD  V. 
1«,000  I  ^-2  750 

fciMi  I  (2 ,200  \ 

M.OOO  $14.95  { 

7,500  12.5$  ? 

7,600  1.95  \ 

7,000  2.45  S 

7,000  1.85  ai 

7,000  1.45  •“? 

6,000  1.75  ,A 

6,000  1.45  « 

6,000  8.54  o 

5,000  1.35  I 

3,000  1.75  < 


SWITCHES 

OE  BWitchette  CR  1070C  188,  8PST.  N.C _ ».20 

Micro  awltcb,  BZ  2R6.  SPDT.  amall  pin 

464.  10  for  $4 

Micro  awitch,  TZ  RQl,  SPST  N.O.,  push  button 

454,  10  for  $4 

HftH  ToKKie,  6A,  125V.  SPDT...SS4,  10  for  $3 
V.  S.  Instrument  Corp.,  8  pole  16  position,  ex* 
ceptional  quality,  dual  wiping  heavy  silver 
contacts,  2%"  x  2%'  x  IVi”  deep.  Single 
hole  mount.  Not  to  be  confused  with  or¬ 
dinary  wafer  switch  . $1.96 

Altitude  limit  switch  SA  lA/ARN-1  completely 

enclosed  2  pole  11  position . $1.00 

Oak  wafer  switch,  bakelite,  4  pole  5  position 

non-shorting . $.60 

H4SH,  6  pole  double  throw,  10  ampere  125 
V.A.C . $1.00 


u/u  NEW~UNU5ED 

52  OHM 

COAXIAL  CABLE 

44  A  FOOT 


$40.00  per  M 
.  3A00  per  M 
.  30.00  per  M 
.  27.50  per  M 
.  25.00  per  M 


No  rharse  for  reels. 


POSTAGE  STAMP  MICAS 

5mmf  66*mml  220mmf  525*mml  .OOlSmfd 
8.2  68  300  560  .002* 

10  90  360  650  .0022* 

22  100  390  *  680*  .0027* 

33  110*  400  760  .  003* 

39  120*  430*  800  .0033* 

47  150*  470  820*  .0039* 

60  160  488*  .OOlmfd  .0068* 

56  180*  500*  .0012  .  01 

60  200  610*  .0013* 

*  Sliver  Mica 

Price  schedule 

6MMF  to  .OOIMFD  54  Silver  Mica  184 

.0012MFD  to  .0027MFD  74  Silver  Mica  2*4 

.0020MFD  to  .0068MFD  124  Silver  Mica  564 
.0082MFD _ 144  .OIMFD  184 


COAXIAL  FITTINGS 


UNIVERSAL  JOINT 

ALUMINUM 


Hoed  104  Socket  404  Plug  404  Angle  Adaptor 
SO-239  PL-259  204 

83-IR  63-ISP  M-359 

83-IAP 

PL25$A,  K3-18PN.  83-12,  UG21U,  UG22U. 

U6I3U,  UG27U,  U628I  U  assembled  with  short 

piece  of  RG  58U . 404  each 

U085U  Baby  ‘Tf"  Plugs . 404  each 

OG87U  Baby  8ceket,  Gold  Plated  with 

Hood  Attached  . 504  each 


- HARDWARE - 

Olyptal — cement,  1  quart  cans  GE  if  1286 

$.75 

ALLEN  SE1  SCREWS 

4-40x1/8  8-32x1/8  10-32x1  4 

4-40x3/16  8-32x3/16  1/4-20x1/2 

6-32x1/8.  8-32x6/16  1/2-16x3  8 _ 

All  sizes . $1.56  perC 

% — 32  nuts  for  potentiometers.  100  for  $1.00 
15/32 — 32  nuts  for  toggle  switches 

100  for  $1.00 

Screw,  Nut  &  Washer  .4s8t . 3  lbs  $1.00 

Vernier  dials,  2%"  dia.  0-100  in  360*,  black 
with  silver  marks,  thumblock.  For  BC221 

$.85 

Hose  clamps.  Aero  seal,  QS  100M4 — 
nom.  dia.  or  QS  100M8 — 84”  nom.  dia. 

50  for  $2.50 

SLIP  RING  .VSSF.MBLY  —  5  silver  plated 
rings  on  molded  bakelite  rotor.  Stator 
hold,  2  silver  carbon  brushes  for  each 
ring.  Rotor  3%”  O.D.,  fits  184"  shaft. 

Complete  with  brushes . $2.95 

Split  lock  washers.  #2,  4,  6,  8,  10,  12 

954  per  1000 

Wrapped— BALL  BEARINGS — New 

Mfg.  ID  OD  Width  Price 

Fafnlr33K5E  3/16'  1/2'  6/82'  254 

Fafnlr  38K  5/16'  7./8'  9/32'  454 

Timken  1/2'  1  3/8'  <  7/16'  854 

ND5262C13M  1/2'  13/8'  1  3/8' (dual)  1.25 

ND  88563  43/64'  1  37/64'  21/82'  1.66 

MRC266SF  1  5/32'  2  7/16'  6/8'  1.25 

Fafnlr  545  2  1/6'  2  6/8'  16  32'  1.66 

ND-R  4A  1/4'  3/4'  7/82'  .354 

NEEDLE  BEARINGS 

B88  1/2' wide  1/2'  11/16'  254 

8168  1/2*  wide  5  8'  13/16'  36( 

GB34X  1/4' Wide  3/16'  11/32'  254 


CERAMIC  CONDENSERS— 

6c  ea. 

3.44  mmf  12  mmt  27  mmf  62  mmt  91  mmf 

4.7  13  33  68  150 

6.8  16  60  75  220 

10  22  56  82  1000 

_ $4.50  p6r  100  of  one  volue. 


FILAMENT 
TRANSFORMER 
WESTINGHOUSE  #604298 

Tastad  at  34,000  volts 
Pri.  115  V.  A.C.,  Sac.  5V@6.5  Amp. 

ONLY  $8.50 


ELECTROLYTIC 

450  VDC  self  mtg.  can. . 
350  self  mtg.  can. . 

200  can . 

100  can . 

25  self  mtg.  can. . 

25  threaded  can. . 

25  can . 

25  tubular . 

15  self  mtg.  can 


30-20  mtd 
126 
20 
10 

1000 

76 

40 


CHOKES 

400  M.\.  12  Henry  90  Ohms,  6,000  V.D.C.  Test. 
Hermetically  Segled.  4^4"  x  &%”  x  4*4".  12 
lb . $3.85 


SMALL  VARIABLE  AIR 

6-25  mmt  7  plates  154  3-30  double  spaced  364 
3-50  14  plates  264  7-80  21  254 

5-30 _ 9  plates  264  7-1000  27  364 


CERAMIC  VARIABLE 

3-12  Erie  NPO  254  4-30  Erie  N500 
20-120  Centralab  364 


PRECISION  I  I 
RESISTORS 

Order  For 

100  pieces . 10%  Off 

1000  pieces . 20%  Off 

va  WATT— 25e 

6.68  12.32  16.37  123.8  414.3 

10.48  13.02  20.  H7.6  705 

10.84  k  13.62  62.54  220.4  2103 

11.26  13.89  79.81  301.8  10,000 

11.74  14.98  105.8  366.6  59,148 

V2  WATT— 25c 

.250  11.1  235  4,451  15,000 

.334  13.15  260  5,000  15,750 

.602  46  270  5,900  17,000 

■557  52  298.3  6,500  20,000 

.627  55.1  400  7,000  26,000 

76  76  723.1  7,500  30,000 

1.01  97.8  2,500  8,000  100.000 

1.53  125  2,850  8,500  150,000 

2.04  180  3,427  10,000 

2.25  210  4,000  14,825 

1  WATT — 30c 

1.01  '  5.21  1,250  9,000  55,000 

2.58  10.1  3,300  18,000  65,000 

3.39  10.9  5,000  20,000  70,000 

5.05  270  7.000  50,000  75,000 

1  WATT — 40c 

100,000  128,000  180,000  470,000  525.000 

120.000  130,000  250,000  600,000  600,000 

125, (HH)  160,000  320,000  522,000  700,000 

1  Megohm,  1W,  1%,  65c,  5%,  40c 


PULSE  TRANSFORMERS 

X  143T  2,  UTAH,  core — %"  x  x  14".  3  wind- 

ings,  open  frame,  capable  of  shortest  pulses 

$1.60 

X  124  T2,  UTAH,  marked  9262  or  9280,  small 
gray  case  1%"  high  x  IH"  x  %"  with  two 

6-32  mtg.  studs.  Ratio  1:1:1,  hypersil  core 

$1.50 

Spec. — 10,  111,  Chicago  Transformer  equivalent 

of  9262  . $1.50 

134-BW,  'Westlnghouse,  core — IH"  x  x 

4  windings  open  frame . $1.60 

747244)7,  GE,  core  %”  x  1%"  x  3/16",  2  wind¬ 
ings  (0.6  ohm  and  0.08  ohm  DC) . $1.25 

80G16,  GE . $1.25 

1)161310  Western  Electric,  cased  1%"  dia.  x  1%" 
high,  impedance  ratio  120  to  2350  ohms, 
molybdenom  Permalloy  tape  core.  Frequency 

response  50  Kc  to  4  Me . $2.00 

0166638,  Western  Electric,  cased  114”  x  1%” 

X  214”,  2  semltorridal  windings,  150  turns 
ea.  of  two  windings,  used  in  portable  oscillo¬ 
scope  .  $1.26 

3.52-7260-2A.  cased  15/16”  dia.  x  1%”  high,  DC 
10  ohm,  314  ohm  sine  waveresponse  140  cv. 

to  176  Kc . $1.25 

.352-7261-2A,  similar  to  above  but  for  shorter 

pulses  . $1.26 

300  KVA  GE  7557296,  50  ohm  pulse  cable  con¬ 
nection;  3,850  V.  in  17,300  V.  out.  (250  KVA 

^  14  micro  second) . $15.00 

800  KVA  GE  7710417,  50  ohms  pulse  cable  con¬ 
nection,  450  ohm  output,  9500  volt  input, 
28000  volt  pk.  output,  Bifliar . $10.60 

All  Orders  f.o.b.  PHILA.,  Pa. 


Mounting  Brackett — (Bakelite)  for  selsj 
differentials  shown  below . a 


SELSYNS 


115  V..  50  Cje..  314'  51,.  l  4H"  bn5,.  U*d  In 
Pairs  for  Remote  Control. 

Also  50  V..  .50  Cyc..  $4.75  pair. 


SELSYN  -  _ 
DIFFERENTIAL 
#078249  M 

ONLY  l(WiH 

$2.25  - 

IISV.,  60  Cye. 

Used  between  two  JfC78248’s  as  dampener.  Can 
be  conrerted  to  a  3600  UPM  Motor  in  10  Klinutes. 
Conversion  sheet  supplied. 

Alto  50  V.,  50  Cye..  $1.50  ea. 


^ ^  .  Write  today  for  your  copy  of  our 

Arch  St.  Cor.  Croskey,  Philadelphia  3,  Pa.  Telephone  Rlttenhouee  6-4927  listings  of  thousands  of  surplus 

.  -  L- ■ -i- ^  bargains. 
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ANNOUNCING! 

Graattr  Value*  Than  Ever  Before  In  Our  New 
Larier  Store  At  in  Greenwich  St.:  N.  Y.  7 
(Come  In  And  Browio  Around) 


ANNOUNCING! 

THE  OPENING  OF  OUR  NEW  LARGER 
QUARTERS  AT  189  GREENWICH  ST..  N.  Y.  7 
(STREET  LEVEL  STORE) 


1  K.W.  POWER  supply  KIT 

2500-0-2500  Volts  @  500  MA 

2000-0-2000  Volts  @  500  MA 
(oll-filM  Xformur  from  BC6I0;S39.95 

1 — Swinging  thoke . 14.95 

1 — Smoothing  choke .  7.95 

1 —  Filament  Xformer .  9.95 

2 —  2  Mfd.,  3000  V.  Condensers,  eo  3.45 

2— 872A  Tubes . each  1.95 

2 — Plate  Caps  for  872A.  .  .  .each  .20 
2 — Sockets  for  872A . eoch  1.19 

$70.50 

All  ports  Ndw/  Retluced  to  I  W 


RADIO  TUBES 

NEW!  STANDARD  BRANDS! 


INPUT 
up  to  18v  AC 
up  to  18v  aC 
up  to  18v  AC 
up  to  18t  AC 
up  to  18v  AC 
up  to  18v  AC 
up  to  36t  AC 
up  to  36v  AC 
up  to  36t  AC 
up  to  36v  AC 
up  to  115v  AC 
up  to  115v  AC 
up  to  llSv  AC 
up  to  1 15v  AC 


SELENIUM  RECTIFIERS 
Full  Wave  Bridge  Type 

OUTPUT 

up  to  12v  DC  H  Amp.  $0.98 
up  to  13v  DC  I  Amp.  1.95 
up  to  12v  DC  5  Amp.  4.45 
up  to  12t  DC  10  Amp.  7.45 
up  to  12v  pc  15  Amp.  9.95 


up  to  12v  DC  30  Amp.  14.95 
up  to  28v  DC  1  Amp.  3.45 
up  to  28v  DC  5  Amp.  7.45 
up  to  28v  DC  10  Amp.  13.45 
up  to  28v  DC  15  Amp.  18.95 
up  to  lOOv  DC  .25  Amp.  X95 
up  to  l(X)v  DC  .6  Amp.  4.95 
up  to  lOOv  DC  5  Amp.  19.95 
up  to  lOOv  DC  3  Amp.  13.95 


i  OIL 

CONDENSERS 

■  NATIONALLY  ADVERTISED 

BRANDS 

1  All 

Ratings  D.  C. 

■  2*.lmfd.  600v  $6.35 

Imfd. 

2000v 

$0.95 

.25mfd.  OOOv 

.35 

2mfd. 

2000v 

1.75 

.8mfd.  600v 

.35 

4mfd. 

2000v 

3.75 

Imfd.  600v 

.35 

15mfd. 

2000v 

4.95 

2mfd.  600y 

.35 

4mfd. 

2500v 

3.98 

4mfd.  600v 

.66 

2mfd. 

2500v 

3.49 

8mfd.  600v 

1.10 

.Imfd. 

2500v 

1.35 

lOmfd.  OOOv 

1.15 

25mfd. 

2500v 

1.45 

3*.lmfd.  lOOOv 

.45 

.5mfd. 

2500v 

1.75 

.25mfd.  lOOOv 

.45 

05mfd. 

3000V 

1.95 

Imfd.  lOOOv 

.66 

.Imfd. 

3000v 

3.35 

2mfd.  lOOOv 

.70 

.25mfd. 

3000v 

3.65 

4mfd.  lOOOv 

.96 

Imfd. 

3000v 

3.50 

8mfd.  lOOOv 

1.95 

12mfd. 

3000v 

6.95 

lOmfd.  lOOOv 

XIO 

2mfd. 

4000V 

5.95 

15mfd.  lOOOv 

3.35 

Imfd. 

SOOOv 

4.95 

20mfd.  lOOOv 

3.95 

.Imfd. 

7000v 

X95 

24mfd.  1500v 

6.95 

3mfd. 

4000v 

6.95 

.Imfd.  1750v 

.89 

2mfd. 

3000v 

3.45 

.Imfd.  2000v 

.95 

2*.  Imfd. 

7000v 

3.35 

.25mfd.  2000v 

1.05 

.02mfd. 

12000V 

9.95 

.Soifd.  2000v 

1.15 

.02mfd. 

20000V 

11.95 

HIGH  CAPACITY  CONDENSERS 

10,000  mfd.— 25  WVDC . $6.95 

2*3500  mfd.— 25  WVDC .  3.45 

2500  mfd.— 3  VDC . 39 

3000  mfd.— 25  WV  DC .  3.49 

2x1250  mfd.— 10  VDC .  1.35 

1000  mfd.— 15  WVDC . 99 

200  mfd.— 35  VDC . 59 

100  mfd.— 50  WVDC . 49 

4*10  mfd.— 400  VDC . 89 

4000  mfd.— 18  WVDC .  1.95 

4000  mfd.— 25  WVDC .  3.95 

4000  mfd.— 30  WVDC .  3.35 

FILTER  CHOKES 
HI-VOLTAGE  INSULATION 


8  hy  9  550  ms .  $7.95 

8  hy  @  300  ma .  3.95 

25  by  @  160  ma _  3.49 

12  by  @  150  ma _  3.35 

30  by  @  70  ma .  1.39 

.05  by  9  15  amps. . .  7.95 

1  by  ^  5  amps .  6.95 

4  by  @  6(X)  ma .  5.95 

200by  @  lOma....  3.49 
600  by  0  3  ma-  * . . .  3.49 

065by@2.5A .  3.49 


32.5  by  @  3  ma .  $3.45 


10  by  250  ma. . . . 
10  by  @  200  ma. . . . 
10/20  ^  85  ma. .  . . 
15  by  @  125  ma. . . . 
15  by  ®  100  ma. . . . 
3  by  @  50  ma . 


10  by  100  ma. . 


1.98 

1.59 


1B24  $22  95 

726A 

$4.5e  1 

1LN5  $.79 

1B26 

4.95 

800 

1.49 

igSGT 

.95 

1B29 

.89 

801 A 

.49 

1R5 

.79 

1N21 

.59  j 

802 

2.95  1 

1S4 

.49 

1N23 

.59 

803 

5.95  1 

1S5 

.59 

1N84 

1.46  ! 

80S 

3.95 

1T4 

.59 

1P24 

.89  ; 

807 

1.19  , 

3Q4 

.59 

2AP1 

2.39  1 

808 

1.95 

3Q5 

.49 

2C22 

.19  ; 

809 

1.98 

3.84 

.59 

2C:26 

■39 

810 

4.25 

5Y4GT 

.49 

2C40 

.74 

811 

1.49 

6A7 

.59 

2C44 

1.29  ' 

812 

1.39 

6A8GT 

.59 

2C4« 

3.75  1 

813 

5.25  1 

6AG5 

.79 

2D21 

1.59 

814 

2.75 

6AG7 

.98 

2J2I 

12.95  ' 

81 S 

1.45 

6B4G 

.95 

2J22 

12.95 

816 

1.14  , 

6BC,6G  1.49 

2J26 

9.95 

826 

.49 

6C6 

.49 

2J31 

14.95 

829B 

4.85 

61)6 

.49 

2232 

14.75 

8.32A 

2.95 

6F5GT 

.49 

2236 

24.95 

833A 

29.5# 

6F6GT 

.49 

2237 

18.95 

836 

.79 

6F6 

.59 

2238 

14.75 

837 

1.49 

6H6GT 

.39 

2239 

18.95 

838 

2.95 

6J50T 

.42 

2240 

18.95 

841 

.54 

eJ5 

.55 

2246 

18.95 

843 

..39 

6J7GT 

.55 

2249 

24.95 

845 

3.29 

6K60T 

.49 

22.M 

49.56  . 

851 

17.95 

6K70T 

.49 

2254B 

18.45 

860 

1.98  1 

6L6G 

.95 

22.’>5 

18.95  : 

861 

11.95  ! 

6L6  1.23 

2K25 

24.95 

865 

.79 

67,7 

.79 

2K28 

8.95  : 

866.A 

.85 

6Q7GT 

.55 

2V30 

.79 

866JR 

1.14 

6S.A'70T 

.49 

2X2 

.39 

869B 

28.75 

6807 

.55 

3AP1 

2.79 

874 

.49 

R8F5GT 

.59 

3BP1 

1.39 

876 

.39 

6aH7 

.49 

3B22 

.59- 

878 

1.89 

6.8J7GT 

.49 

3B24 

.49 

884 

.79 

68K70T 

.49 

3B26 

1.95  , 

885 

.79 

687,70T 

.59 

3CP1 

2.95  1 

902P1 

5.95 

68N7CT 

.59 

3C22 

19.95  ' 

905 

4.95 

68Q70T 

.49 

3C23 

2.49  ! 

923 

.49 

6V60T 

.59 

3r24 

.29  1 

954 

.35 

6X5GT 

.59 

3030 

..59 

9.55 

.35 

7A8 

.49 

3C31 

1.49 

9,56 

.45 

7B7 

.59 

.3r)Pl 

2.25 

9.57 

.35 

7C5 

..59 

31)21  A 

1.56 

9.58 

.35 

706 

.59 

3F.29 

3.39  1 

1611 

.98  1 

7F7 

.49 

4B24 

2.25  : 

1613 

.58 

7Y4 

.49 

4E27 

12.95  I 

1616 

.75  1 

12A80T 

.43 

.■SAP4 

4.75 

1619 

.21 

12AT6 

.49 

.IBPl 

1.16  : 

1622 

1.59 

12506 

.75 

.^BP4 

4.95 

1624 

.85 

12BA6 

..59 

5CP1 

2.95  ' 

1625 

.19 

12BF6 

.59 

.1021 

18.95  1 

1626 

.25 

12J.50T 

.49 

.5FP7 

.85 

1629 

.19 

12J70T 

.49 

.■wrpi 

11.95 

1630 

3.95  : 

12K70T 

.49 

5229 

18.95 

1638 

.49  ' 

12Q70T 

..59 

.5230 

18.95 

16.54 

1.98  1 

12aA70T 

.49 

5T.P1 

11.95 

18.51 

.89  1 

12SF.50T 

.49 

5R40Y 

.89 

20.50 

.75  1 

128F70T 

.59 

J5T4 

.49 

2051 

.45  j 

12SJ70T 

.49 

5040 

.45  1 

8005 

2.29  1 

12SK70T 

.49 

5V4 

.72 

8011 

.45 

128Q70T 

.49 

5X4 

.59 

8012 

1.98 

12SR7GT 

.49 

5Y3 

..35  1 

8013 

.89 

14A7 

.49 

57.3 

..55  1 

8014 

4.95 

1  14B6 

.it 

5Z4 

.79  i 

8016 

1.39 

1407 

.49 

6AB7 

.95 

8020 

.89 

24a 

.49 

OACl 

.59 

8025 

4.89 

2.572!0T 

.49 

AAK5 

.89 

OOOl 

.39 

2.5Z.5 

.47 

AAL5 

.59 

9002 

.35 

i  2.57,60T 

.45 

6C4 

.25 

,  9003 

.35 

1  26 

.45 

0D4 

1.29 

,  9004 

.29 

27 

.49 

624 

3.95 

1  9005 

.39 

1  30  RW-n 

.39 

6J6 

.89 

1  9006 

.29 

1  32L70T 

1.16 

6050 

1.25 

1  rK1005 

.29 

1  .35  '51 

..59 

7FP4 

17.95 

1  CKIOOR 

.49 

36.A5 

.59 

lOY 

.39 

rK1090 

1.49 

35760T 

.49 

13A6 

.25 

FF.50 

.54 

1  37' W4 

.38 

12nP7 

13.95 

1  F123A 

12.95 

S.5Y4 

.79 

120P7 

13.95 

F127A 

17.54 

!  3.57,3 

.57 

l.'SK 

.89 

;  F12RA 

49  .54 

i  3.5Z50T 

..39 

1.5R 

.89 

F660 

39.54 

36 

.79 

7.5TT, 

3.49 

1  Fr.81  A 

4.75 

41 

.92 

lOOTH 

9.95 

FOIOR 

7.95 

42 

.49 

211 

.35 

F0238B 

39.54 

43 

.52 

227A 

3.75 

07,146 

14.95 

45 

.52 

231 D 

1.49 

1  OTA0.5 

39.. 54 

4.5  Riw« 

.35 

2490 

1.75 

1  07.697 

29.56 

47 

.74 

250TH 

19.49 

i  RY75 

1.25 

.5055 

.89 

804TI, 

.99 

HY61 5 

.49 

.50B.5 

.59 

S04TH 

3.95 

M7.100 

29.54 

.507AOT 

.49 

3I6\ 

.35 

ML101 

39.54 

.50Y6OT 

.59 

327A 

4.95 

M7A02 

99.54 

.56 

.54 

S-VIB 

1.95 

VR76 

.89 

1  .59 

.95 

368  AS 

2.95 

VR90 

.45 

1  707,70T 

1.29 

371 B 

.99 

VRin5 

.45 

1  71A 

.99 

4.S0TH 

29.95 

VR1.50 

.45 

75 

.92 

.527 

8.95 

VT127A 

.  2.49 

76 

.49 

531 

2.56 

vniii 

.49 

.49 

550 

TS 

0Z4 

..59 

!  78 

.49 

70.3A 

1 A  5r.T 

.49 

j  80 

.39 

70.5A 

1A70T 

KO 

1.55 

TOROV 

'  1TT50T 

154 

1  82 

.89 

714  AY 

A  (k^ 

1  1V.50T 

.59 

1  83 

.89 

71 .5R 

*  GA 

1  17,  A  4 

.95 

83V 

.89 

7150 

i  1T,A6 

.95 

1  84 

.59 

71 7  A 

KG 

17.R4 

.95 

i  89 

.49 

721  A 

KG 

i  17,06 

.95 

!  1177,70T 

1.19 

723A  'P 

1  G.GG 

j  17,7)5 

!95 

11TP7QT 

1.19 

7‘»4A'B  t.-rs 

1  11.F3 

«5 

117Z3 

.49 

725A 

7.45 

1  1LH4 

.79 

i  1177,6GT 

.49 

500  WATT  POWER  SUPPLY  KIT 

(Iddol  for  BC-191  &  BC-37SE) 

1- — Transformer — Pri:  105/250v 

60  eye  in  5v  Steps 
See:  1 120-0-1 120v  @  500  MA 
2Vsv  Cl  (a  10  AMPS 

12v  @  14  AMPS 

17v  @  IVi  AMPS 

.  32v  @  .025  AMPS... $32.50 

2—  Filter  Chokes  @  $7.95  ea.  .  15.90 
2 — Condensers  3  Mfd  @  2000v 

DC  @  $4.45  ea .  8.90 

2 — 866  Tubes  @  $.89  ea .  1.78 

2 — Plate  Caps  Ceramie  @  $.20 

ea . 40 

2— SoekeH  @  $.20  ea . 40 

1  Pair  Hash  Filter  Chokes . 79 

Extra  Speeial  Buy 


TRANSFORMER— 1 1 5  V.  60  Cy. 
HI-VOLTAGE  INSULATION 

3710V  @  10  ma.;  2*2Hv  ©  3A .  $9.95 

2500v©15ma .  6.56 

2500v  ©  4  ma.;  ©  2.\.  6.3v  ©  1  amp.  7.95 

2150v  ©  15  ma .  5.56 

1750v  ©  4  ma.;  6.3v  ©  3A .  6.56 

1600v  ©  4  ma.;  700v  CT  ©  150  ma.;  6.3v 

@9A .  7.W 

525-0-525V  ©  60  ma.;  025v  ©  10  ma.;  2*5v 

©  3A ;  6.3v  ©  3.6A ;  6.3v  ©  2A ;  6.3v  ©  1 A  7.95 
515-0-615V  ©  175  ma.;  5v  ©  3A:  2.5v  ©  5A  5.95 
500-0-500V  (er  25  ma.;  262-0-262v  ©  55 

ma.:  6.3v  ©  lA;  2*5v  ©  2A .  4.49 

500-0-500V  ©  100  ma.;  5v  CT  ©  3A .  4.95 

450-0-450  ©  300  ma,  140-0-140  @  100  ma. 

36v  ©  lA,  6.3v  ©  5A.  5v  ©  3A.  110/220 

Dual.  Pri. .  8.95 

425-0-425  ©  200  ma.;  150-0-150  ©  100 
ma.;  40v  ©  lA;  6.3v  ©  5A;  5v  ©  3A;  110/ 

Dual  Pri.  tapp^ .  7.56 

400-315-0-100-315V  ©  200  ma.;  2.5v  ©  2A; 

5v  ©  3A;  0.3y  ©  9A;  6.3v;  9A .  6.56 

400-0-400V  ©  200  ma.;  5v  ©  3A .  4.95 

350-0-350T  ©  150  ma.;  5t  ©  3A;  6.3v  © 

6A;78v©lA .  4.95 

385-0-386-550V  ©  200  ma.;  2J6v  ©  2A;  5v 

©  3A:  3*6.3v  ©  «A— PRI.  110/220  .  7.95 

350-0-350V  ©  150  ma.;  5v  ©  SA;  6.3v  © 

7.5A;6.av®aA .  4.99 

350-0-3a0v  ©  35  ma .  1.45 

340-0“a40T  ©  300  ma.;  1540v  ©  5  ma .  5.95 

335-0-335V  ©  60  ma.;  5v  ©  3A;  6.3v  ©  2A; 

0-13-17-21-23V  ©  70  ma.— PRI.  110/220  4.95 

325-0-325V  ©  120  ma.;  lOv  ©  5A:  5v  ©  7A  3.49 
300-0-300V  ©  65  ma.;  2z5v  ©  2A;  6.3v  © 

2HA:  6.3v  ©  1A .  3.49 

250-0-250V  ©  100  ma.;  2*6.3v  ©  4A;  6.3v 

©5A:6.3v©lA .  4.95 

150-0-150  ©  80  ma.;  150  ©  40  ma.;  6.3v  © 

3.5A;6.3v@lA .  1.98 

150v  ©  55A;  150v  ©  2.13A;  5v  ©  5A .  5.95 

120-0-120V  ©  50  ma . 98 

80-0-80V  ©  225  ma,;  6v  ©  2A;  5t  ©  4A  . .  3.95 

24v  ©6A .  3.56 

3*18v  @  2A .  3.95 

13.5t  CT  ©  3.25A .  3.95 

3*10.3v  ©7A:CT .  9.95 

12.6v  CT  ©  lOA;  llv  CT  ©  6.5A .  7.95 

3*6.3v  ©  lA;  2*6.3v  ©  2A;  lOv  CT  ©  lOA; 

12.6vCT©lA .  4.95 

6.3v  ©  12A;  6.3v  ©  2A;  115v  ©  lA .  3.95 

6.3v  ©  lOA;  a  ©  lA .  3.56 

6.3v  ©  lA;  2Hy  ©  2A .  3.45 

5v  ©  20A:  Dual  1  lOv  PRI .  3.49 

6.3v  ©  2l3iA;  6.3v  ©  2A:  2kv  ©  2A.. . .  5.95 

5v— 190A . $17.56  6.3v  ©  lA . 98 

5v— 115A .  14.95  8vCTlA . 98 

2.5v  ©  20A .  3.49  6v  ©  15ARMS  3.98 

6.3v  CT  (tu  3A:  5v  CT  ©  4A .  4. 35 


All  Tub**  Guar- 
ant*«d,  axcapt 
for  op*n  fila¬ 
ments.  shorts 
and  b  r  o  h  •  n 
glass,  far  which 
ws  check  before 
shipm'mt. 
Please  specify 
how  to  ship- 


RADIO  HA 

M  SHACK  Inc. 

189  GREENWICH  ST. 

NEW  YORK  7,  N.  Y. 

All  Prices  Subject  to 
Change  Without  Notice 
All  merchandise  guaranteed.  Mail 
orders  promptly  filled.  All  prices 
f.O.B.  New  York  City.  Send  money 
order  or  check.  Shipping  charges 
sent  C.O.D.  Minimum  order  SS.OO. 
20%  Deposit  required  with  all 
orders. 
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SEARCHLIGHT  SECTION 


S/ll^£ 


Brand  New  and  Fully  Guaranteed 


SYNCHROS  : 

If  Special  Repeater,  HS  volts,  400  cy¬ 
cle.  Will  operate  on  60  cycle  at  re¬ 
duced  voltage. — Price  $15.00  eoch 
net.  .  ,  . 

1CT  Control  Transformer,  90/55  volts, 
60  cycle. — Price  $22.50  each  net. 

2J1G1  Control  Transformer,  57.5/57.5 
volts,  400  cycle. — Pric*  $2.00  eoch 
net.  < 

2J 1 H 1  Selsyn  Differential  Generator, 

^  57.5/57.5  volts,  400  cycle. — Price 

$3.25  each  net. 

5G  Generator,  1 1 5  volts,  60  cycle. — 
Price  $25.00  eoch  net. 

W.  E.  KS-5950-L2,  Size  5  Generotor, 
1 1 5  volts,  400  cycle. — Price  $3.50 
eoch  net. 

Size  5  Generator,  Army  Ordnance 
Drawing  No.  C-78414,  1 15  volts,  60 
cycle. — Price  $14.00  eoch  net. 


PIONEER  AUTOSYNS 

AYl,  26  volts,  400  cycle. — Price  $4.00 
each  net. 

AY20,  26  volts,  400  cycle. — Price 
$5.50  eoch  net. 

AY30,  26  volts,  400  cycle. — Price 
$10.00  each  net. 

AY31,  26  volts,  400  cycle.  Shoft  ex¬ 
tends  from  both  ends. — Price  $10.00 
each  net. 

AY38,  26  volts,  400  cycle.  Shaft  ex¬ 
tends  from  both  ends. — Price  $10.00 
eoch  net. 


PIONEER  PRECISION  AUTOSYNS 

AYl 01 D,  new  with  colibrotion  curve. 
PRICE— WRITE  OR  CALL  FOR 
SPECIAL  QUANTITY  PRICES 
AYl 3 ID,  new  with  coflbration  curve. 

— Price  $35.00  each  net. . 


GENERAL  ELECTRIC  D.  C.  SELSYNS 

8rj9-PDN  Transmitter,'  24  volts. — 
Price  $3.00  eoch  net. 

8DJ11-PCY  Indicator,  24  volts.  Dial 
marked  — 10°  to  +65°. — Price 
$4.00  each  net. 

8Dj  1  1  -PCY  Indicator,  24  volts.  Dial 
marked  0  to  360°. — Price  $6.50 
eoch  net. 


PIONEER  TORQUE  UNITS 

Type  12602-1 -A.— Price  $30.00  each 
net. 

Type  12606-1 -A. — Price  $35.00  each 
net. 

Type  12627-1 -A. — Price  $70.00  each 
net. 


PIONEER  TORQUE  UNIT  AMPLIFIER 

Type  12073-1 -A.— Price  $17.50  each 
net. 


RATE  GENERATORS 

PM2,  Electric  Indicator  Company, 
.0175  V.  per  R.  P.  M.— Price  $7.25 
each  net. 

FI 6,  Electric  Indicator  Company,  two- 
phase,  22  V.  per  phase  at  1 800 
R.  P.  M. — Price  $12.00  each  net. 

B-68,  Electric  Indicator  Cofnpany,  Drag 
Cup,  1 1 0  volts,  60  cycle,  one  phase. 
— Price  $14.00  each  net. 


INVERTERS 

121 17-4,  Pioneer.  Input  24  volts  D.  C. 
Output  26  volts,  400  cycle. — Price 
$15.00  each  net. 

12117,  Pioneer.  Input  12  volts  D.  C. 
Output  26  volts,  400  cycle. — Price 
$15.00  each  net. 

121 23-1 -A,  Pioneer.  Input  24  volts 
D.  C.  Output  1 1 5  volts,  400  cycle, 
3  phase.  Voltage  and  frequency 
regulated.  100  V.  A. — Price  $75.00 
each  net. 

153F,  Holtzer  Cabot.  Input  24  volts 
D.  C.  Output  26  volts,  400  cycle, 
250  V.  A.,  and  1 1 5  volts,  400  cycle, 
3  phase,  750  V.  A.  Voltage  and  fre¬ 
quency  regulated. — Price  $150.00 
each  net. 

WG750,  Wincharger,  PU16.  Input  24 
volts  D.  C.  Output  1 1 5  volts,  400 
cycle,  1  phase,  6.5  amps.  Voltage 
and  frequency  regulated. — Price 
$35.00  each  net. 

1 49H,  Holtzer  Cabot.  Input  28  volts 
at  44  amps.  Output  26  volts  at 
250  V.  A.  400  cycle  and  1  1 5  volts 
at  500  V.  A.  400  cycle. — Price 
$39.00  each  net. 

149F,  Holtzer  Cabot.  Input  28  volts  at 
36  amps.  Output  26  volts  at  250 
V.  A.  400  cycle  and  1  1 5  volts  at 
500  V.  A.  400  cycle.— Price  $29.00 
each  net. 


SPERRY  PHASE  ADAPTER 

Type  661102,  115  volts,  400  cycle. 
Used  for  operating  3  phase  equip¬ 
ment  from  a  single  phase  source.— 
Price  $6.50  each  net. 


SINE-COSINE  GENERATORS 
(Resolvers) 

FJE  43-9,  Diehl,  115  volts,  400  cycle. 

— Price  $20.00  each  net. 


D.  C.  ALNICO  FIELD  MOTORS 

5067127,  Delco,  27  V.,  250  R.  P.  M.— 

Price  $2.90  each  net. 

5069600,  Delco,  27  V.,  250  R.  P.  M.— 
Price  $4.00  each  net. 

5069466,  Delco,  27  V.,  10,000  R.  P.  M. 

— Price  $3.00  eoch  net. 

WRITE  FOR  COMPLETE  LISTINGS 


D.  C.  MOTORS 

5069625,  Delco  Constant  Speed,  27 
volts,  120  R.  P.  M.  Built-In  reduction 
gears  and  governor. — Price  $4.25 
each  net. 

A-7155,  Delco  Constant  Speed  Shunt 
Motor,  27  volts,  2.4  amps.,  3600 
R.  P.  M.,  1/30  H.  P.  Built-in  gov¬ 
ernor. — Price  $6.25  each  net. 

5BA10J18D,  General  Electric,  27  volts, 
0.7  amps.,  110  R.  P.  M. — Price 
$2.90  each  net. 

5066665,  Delco  Shunt  Motor  27  volts, 
4000  R.  P.  M.  Reversible,  flange 
mounted. — Price  $4.50  each  net. 

C-28P-1A,  John  Oster  Shunt  Motor,  27 
volts,  0.7  amps.,  7000  R.  P.  M., 
1/100  H.  P. — Price  $3.75  each  net. 


A.  C.  MOTORS 

5071930  Delco,  115  volts,  60  cycle, 
7000  R.  P.  M.— Price  $4.50  each 
net. 

36228,  Hayden  Timing  Motor,  1 1 5 
volts,  60  cycle,  1  R.  P.  M. — Price 
$2.85  each  net.  _ • 


SERVO  MOTORS 

CKl,  Pioneer,  2  phase,  400  cycle. — 
Price  $10.00  each  net. 

CK2,  Pioneer,  2  phase,  400  cycle. — 
Price  $4.50  each  net. 

FPE-25-11,  Diehl,  Low-Inertia,  75  to 
115  V.,  60  cycle,  2  phase. — Price 
$16.00  each  net. 

FP-25-2,  Diehl,  Low-Inertia  20  volts, 
60  cycle,  2  phase. — Price  $9.00  eoch 
net. 

FP-25-3,  Diehl,  Low-lnertio  20  volts, 
60  cycle,  2  phase. — Price  $9.00 
eoch  net. 


GYROS 

Schwein  Free  &  Rote  Gyro  type  45600. 
Consists  of  two  28  volt  D.  C.  con¬ 
stant  speed  gyros.  Size  8"  x  4.25" 
X  4.25". — Price  $10.00  eoch  net. 
Schwein  Free  &  Rote  Gyro,  type  46800. 
Same  as  above  except  later  design. — 
Price  $11.00  each  net. 

Sperry  A5  Directional  Gyro  Part  No. 
656029,  1  1 5  volts  400  cycle,  3 
phase. — Price  $17.50  each  net. 
Sperry  A5  Vertical  Gyro.  Port  No. 

644841,  115  volts  400  cycle  3 
phase. — Price  $20.00  each  net. 
Sperry  A5  Amplifier  Rack  Part  No. 

644890.  Contains  Weston  Frequency 

Meter.  350  to  450  cycle  and  400  cy¬ 
cle,  0  to  130  voltmeter. — Price 
$10.00  each  net. 

Sperry  A5  Control  Unit  Port  No. 

644836. — Price  $7.50  each  net. 
Sperry  A5  Azimuth  Follow-Up  Ampli¬ 
fier  Part  No.  656030.  With  tube. 
— Price  $5.50  each  net. 

Pioneer  Type  12800-1-D  Gyro  Servo 
Unit.  1  15  volts  400  cycle,  3  phase. 
— Price  $15.00  each  net. 

Norden  Type  M7  Vertical  Gyro.  26 
volts  D.  C. — Price  $20.00  eoch  net. 
Norden  Type  M7  Servo  Motor.  26  volts 
D.  C.  Price  $20.00  each  net. 


INSTRDIENT 'ASSOCI  ATES 

147-57  41st  AVENUE  Telephone  IN(depen(dence  3-1919  FLUSHING,  N.  Y. 


m  SEARCHLIGHT  SECTION 


STANDARD  D.C.  POTENTIOMETER  TYPE— MICROMAX 

L  6r  N  INDICATORS  -  CONTROLLERS  -  RECORDERS 

Rebuilt’  .  Thoroughly  re-conditioned  . .  .  Mechanically,  electrically  checked 
and  adjusted  .  ...  Instruments  shipped  ready  to  put  into  actual  use. 


Model  S  INDICATING  & 
RECORDING  CONTROLLER 


Single  Point  -  Curve 
Drawing.  Continuoua 
Liine  One  set  adjust¬ 
able  High  &  Low  con¬ 
tacts  115  V  AC  Motor- 
Flush  mounted  metal 
case  Gasketed  door. 
RANGES:  0-1000*  F 
C/A,  0-1500*  F  C/A, 
0-1800*  F  C/A,  200- 
2000*  F  C/A.  1000- 
2000*  F  C/A  $210  00 


Model  R  INDICATING  & 
RECORDING  CONTROLLER 


Single  Point-Curve 
Drawing,  Continu¬ 
ous  Line  Chart 
speed — one  revolu¬ 
tion  in  24  hours 
One  set  Adjustable 
High  &  Low  Con¬ 
tacts  115  V  AC  Mo¬ 
tor-Flush  mounted 
metal  case  Gasket¬ 
ed  door.  RANGES: 
0-800°  F  C/A,  700- 
1400*  F  I  C,  200- 

.  $175.00 


Model  S— RECORDER— CONTROLLER 

H.C.L.  Contacts — 116  V.  AC  motor  Extra  set 
on-o(t  contacts.  Range  0-1500*F  C/A 

$210.00 


Model  8  IVDICATING  t 
RECORDING  CONTROLLER 
Single  Point-Curve  Drawing,  Continuous  Line 
Two  Thermocouple  terminal  board — Two  seta 
of  High-Common-Low  contdcts  for  control¬ 
ling  115  V  AC  motor.  RANGES:  0-1200*  F 
C/A.  0-1800*  F  C/A .  . $210.00 


Model  C  SINGLE  POINT  CONTROLLER 

Non  Indicating,  Non 
Recording,  Open  type 
oontacts  for  use  with 
External  relay,  High- 
Common-Low  Contacts 
for  controlling,  115  V 
AC  motor.  Metal  case, 
gasketed  door,  flush 
mount.  RANGES;  0- 
1600*  F  I/C,  0-1800*  F 
C/A.  0-1800*  F  C/A,  0- 
2000*  F  C/A,  200-2000* 
F  C/A,  800-2000*  F  C/A .  S135.00 


MODEL  S— RECORDER 

with  alarm  feature  using  relay  A  cam  oper¬ 
ated  contacts.  Can  be  used  as  on-off  con¬ 
troller  without  temperature  setting  device. 
115  V,  AC  motor.  Range  0-1800*  F 

C/A  . . .  $210.00 


Model  S — RECORDER— CONTROLLER 

Single  Pen — 2  Thermocouples — 2  sets  H.C.L. 
Contacts — 115  V.  AC  motor.  Ranges  «...  a  aa 
F  C/A.  0-1800*F  C/A . $210.00 


SURPLUS  BARGAINS - NOW!! 


SELENIUM  RECTIFIERS 

New — Fresh  Stock — Not  over  6  moa  old. 
Full  wave  bridge  .  .  .  single  phase  .  .  .  resis¬ 
tive  Inductive  load  .  .  .  continuously  rated 
.  .  .  conservative  design. 

Max. 

R.M.S.  Max.  D.C.  Output 
Type  Input  at  35*  C  Price 


’6B-1 . 34 . 18  V@  3.1  A .  S5.t3 

'8B-1 . 24 . 18  V@  5.2  A .  *.73 

lOB-1 . 24 . 18  V  @10  A .  8.71 

lB-1 . 24 . 10  V@  1.8  A .  4.*4 

lOB-1 . 24 . 19  V  @16  A .  1*.4* 

24B-1 . 24 . 19  V  @24  A .  33.7* 


lB-3 . 48 . 37  V@  IJA .  7.31 

3B-2 . 48 . 37  V@  3.1  A .  «.*• 

6B-2 . 48 . 37  V@  6  J  A .  13.37 

lOB-2 . 48 . S7V@10  A .  17.18 

16B-2 . 48 . 37  V  @  16  A .  36.89 

24B-2 . 48 . 37  V  @24  A .  44.*7 


WESTON  Model  622~New! 

D.C.  Portables .  .  .  V2  of  1  %  ac¬ 
curacy  .  .  .  High  sensitivity  .  .  . 
Moulded  bakelite  case.  .  .A  fa¬ 
mous  instrument  at  a  real  low 
price. 


1  GE  STEPDOWN  TRANSFORMER 

PRI  116/230  V  60  cycles. 

SEC  32  V.  Rating  .6  KVA 

Isolation  type  cat  61G60  enclosed. 

bell  end. 

cont.  duty. 

Your  Price  . 

.  .$7.50 

0-20  Range 

O-.TO  MIcroampa —  280  ohms.. 
o-.TO  Mloroempe — 1800  ohms. 
0-50-  MIcroampa —  150  ohms. . 
0-10  MIcroampe —  90  ohms., 
0-2  0  Microamps —  46  ohms. , 
0-100  Microamps —  10  ohms. 

0-.5  Mills  Thermal . 

0-2  Mills  Thermal . 

1.5/3/7.6/15/30/75 
150/300/750  Volts . 


*332.5#  *139.5* 

262.se  121.5# 


294.75  237.66 


RECTIFIER  TRANSFORMERS 
PRI— 105/1 10/1 15/120  V.— 50/60 
Cycles— Open  Frame  Construction 


SEC— 18  V 

^  2.5  Amps... 

....4 

lbs. . . 

..  83.35 

18  V 

A  3  Amps... 

_ 5.6  Iba... 

. .  5.25 

18  V 

9  10  Amps... 

...10 

lbs. . . 

. .  *.75 

18  V 

^25  Ampa... 

...26 

lbs. . . 

..  14.95 

18  V 

^  SO  Amps... 

...30 

lbs. . . 

..  34.75 

36  V 

&  2.5  Amps... 

_ 7.5  lbs.  .  . 

5.35 

36  V 

^  5  Ampa... 

..  .10 

lbs. . . 

..  *.S* 

86  V 

^  10  Amps... 

...20 

Iba. . . 

..  16.95 

36  V 

d  25  Amps... 

...30 

lbs  .. 

..  32.5* 

PRI— 115  Volts— 50/60  Cycles 
Open  Frame  Construction 

SEC— 136/145/155/ 165  V  @  .6  Amps  5  Ihs.  S5.25 
136/146/166/166  V  @  1.6  Ampa  IS  lbs.  7.95 
135/146/165/165  V  @  2.5  Amps  25  IDs.  13.56 
135/145/155/165  V  @  5  Amos  35  IDs.  34.5* 


HEINEMAN  CIRCUIT  BREAKER 

For  use  with  low  voltage,  D.C.,  100  Amps 

Dimensions:  S^'H  x  4''D  x  1"  W . 81.75 

16  Amp,  116  V  AC,  Curve  3,  CAT.AM  2511-16 

81.75 

86  Amp.  120  V  AC.  Curve  2,  CAT.AM  1510R-35 

81.75 

1.6  Amp,  117.5  V  AC,  Instant  Trip . 81.75 


QUANTITIES  IIMITEO!  ACT  NOW! 


WHSE  PORTABLE  GALVANOMETER 


Type  PX-12-7  M.A.  move¬ 
ment,  special  scale,  solid 
connecting  terminals,  con¬ 
tains  a  1  volt  Internal  ceil 
which  can  be  easily  re¬ 
moved  for  conversion  to  DC 
AMMETERS  A  VOLTMET¬ 
ERS.  with  leather  case  A 
canvas  carrying  strap. 

A  buy  at  $4.95 


GE  TYPE  DO  50  DC  AMMETER 

50  MV  FULL  SCALE.  RECTAGULAR  314"  x 
3”,  Barrel  2%*  DIAM,  x  114”  DEEP,  MOUNT¬ 
ING  HOLES  294”  X  244"  c.  to  c. 

SPECIAL  SCALE.  CAN  BE  USED  WITH 
EXT.  SHUNT  FOR  ANY  RANGE. 
BAKELITE  CASE 

Price . 10  for  $27.50 


GE  TYPE  DO  50  DC  VOLTMETER 

3  VOLTS  FULL  SCALE.  100  OHMS  IV.  SPE¬ 
CIAL  SCALE,  SAME  DIMENSIONS  AS 
ABOVE.  BAKELITE  CASE 

Price . 10  for  $27.50 


MICROVOLTER— FERRIS  Model  20B 

.2  to  100,000  microvolts  output,  continuously 
variable  .  .  .  operates  on  115  V'.  60  cycle  AC 
.  .  .  push  button  selector  for  18  frequencies 
from  455  K.C.  to  22  M.C.  .  .  .  with  or  without 
400  cycle  30%  modulation  .  .  .  frequency  may 
be  varied  i2%  by  screwdriver  adjustment. 

Your  Price . $100.00 


STEPDOWN  TRANSFORMER — SPECIAL 

Made  by  GE  .  .  .  heavy  duty  .  .  .  considerable 
over-design  .  .  .  open  frame  .  .  .  ideal  for 
rectifler  application  .  .  .  size  3V4"  x  3V4"  x  4". 
Primary — 115  V  60  cycles. 

SBC — 15  V.  &  12  amps  ...  a  buy  at. . ,  .83.75 
SEC — 10  V.  @  18  amps  ...  a  buy  at....  3.75 


POWER  TRANSFORMER 

Prl.— 440/220  V  60  Cy  Sec— 125/115/106  V. 
Rating  .8  KVA  RCA  Open  construction. 
Bracket  mounted,  pri  &  sec  terminal  board. 
Overall  dimensions:  694"  H.  x  714"  W.  x  8"  D. 
Mounting  Dimensions  614"  x  514". 

Price  . $12.50 


TRANSTAT— 3  K.V.A. 

Type  RH  Input:  116  V. 
10%.  Output:  115  V. 
Max.  Amps:  26  A.  Made 
as  a  line  voltage  correc¬ 
tor  10%  of  input  voltage, 
or  can  be  connected  to 
give  plus  20%  or  minus 
20%  of  input.  Can  also 
be  reconnected  to  be 
used  as  an  isolated  type  atepdown  with  vari¬ 
able  secondary.  Input:  116  V.  Output:  0-30 
Volts  at  80  Amps.  No  Knob. 

A  Real  Buy  at . $18.00 

(Same  type  but  .25  KVA.  Input:  103-126  V. 
Output;  115  V.-2.17  A.) 


STRUTHERS-DUNN  RELAYS 

D.P.S.T..  Normally  open,  115  V,  60  CTycIe,  AC 
coil,  30  Amp.  contacts,  flbre  base  with  4  holes 
for  mounting.  Dimensions,  414"Lx3"Wx 

A^e^  Buy  At . $2.50 


ALL  PRICES  INDICATED  ARE  FOB  OUR  WAREHOUSE  NYC.  SHIPMENTS  WILL  .BE  MADE  VIA  RAILWAY  EXPRESS  UNLESS  SUFFI¬ 
CIENT  POSTAGE  IS  INCLUDED  OR  OTHER  INSTRUCTIONS  ISSUED.  WE  WILL  REFUND  EXCESS  POSTAGE  IN  STAMPS. 

POWERTRON  Electrical  Equipment  Co. 

117  LAFAYETTE  STREET  Phone:  WOrth  4-8610  new  YORK  13,  N.  Y. 


Phone:  WOrth  4-8610 
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SEARCHLIGHT  SECTION 


Inter-Communicotioii  Sets 
Manufactured  by  Dictograph 

DmigttKl  U>  bring  to 
bomns  and  offli-es  tho 
ronTrnienre  of  two- 
way  conreraatlon 
whbout  tbe  use  of 
telephone,  bousebnid 
electric  current,  or 
radio. 

can  be  set  up  in 
any  two  rooms  vou 
wish  .  .  .  being  Um- 
ited  only  by  the 
length  of  the  wire  you  use.  Inter-Conunuoloation 
Sets  will  operate  elBclentiy  up  to  800  feet  using 
14-gauge  wire.  Operates  off  three  IH  volt  flashlight 
batteries  per  unit. 


TRANSTATS 


'll  Arntriran 
I  Voltage 
Regulator 


General  Electric,  Oil  Filled 

OUTDOOR  TRANSFORMERS 


BRAND 

NEW 


3  KVA: TYPE 
HS;  3000 
5200Y- 1 15/230 
STYLE 
32665M-GI; 
IN  ORIGINAL 
FACTORY 
CASES 


11.5  KVA:  50/60  cy.  Commutator  Range  0-115  V. 
Max.  Amp.  100.  Can  be  reconnected  for  230  volts 
(*  .50  Amps.  BRAND  NEW 


Hnnvy  Duty 

TRANSFORMERS 

Primary:  55  V.  Secondary: 
10  V  9  238  Amps.,  2.38 
KVA.  Otmensiens:  $'/t'x 
7'/,'K8'/t'. 

Two  transformers  can  be 
A  put  in  series  to  operate  on 

■  no  V  Input,  giving  sec- 
W  ondary  of  20  V,  2^  Amps. 

A  BRAND  NEW 

■  INDIVIDUALLY 

■  CASED  $^9.50  Micli 


MOTOR  GENERATORS 

Built  by  Allis  Chalmers  to 
U.  S.  Navy  Specifleations 

Input;  115  Volts,  1>C  at  14  amperes.  3600  speed,  ball 
bearings.  Output:  1.25  KVA:  80%  P.F.:  120  Volts. 
10.4  Amperes.  With  resistive  control  of  voltage  out¬ 
put  and  frequency  buUt-in  and  with  Centrifugal  auto¬ 
matic  controller  built-in,  permitting  line-start  opera¬ 
tion.  Fully  enclosed.  Splashproof.  Rrand  New  in 
Original  Factory  Cases.  ^  m  aA 


DC  operation  ™'-  $120  ^ 

Spare  parts  kit  of  bru!<h“s,  brushholders,  ball  bearings.  Held  roils,  etc.  in  steel  case.  Pries  $10. 


CotrelL  System 
PRECIPITATOR 

Unit  consists  of  very  large  screen  for  roof  mount  - 
ing  and  General  Klectric  Transformer  designatetl 
as  "Substation  Transformer”  13,200  Volts.  3 
phase,  60  cy.  Sec.  It0/220V,  75  KVA,  original 
cost  $7,000. 

Lik«  New  PRICE  $775. 


DUST  COLLECTORS 

These  machines,  manufactured  by  tbe  Torlt  5Ifg. 
Co.  of  St.  Paul,  Minn.,  are  u.sed  for  extraction  of 
any  dust  from  the  air.  Ibey  consist  of  a  suction 
blower  driven  by  a  OE  1>4  HP  Motor:  Type  K: 
220/440-3-60,  3475  RPM.  and  the  entire  unit  is 
housed  in  a  heavy  steel  case  Mrlth  louvres  for  dust 
intake. 


General  Electric  Type  IRT 
3  PHASE  INDUCTION 
VOLTAGE  REGULATOR 

1.64  KVA.  Outdoor  service,  filled  with  9  gallons 
oil.  Primary  Volts;  208:  Load  Amperes — 10.5. 
Brand  New  and  In  original  manufacturer’s  eases. 

PRICE  $83.50 


PRICE 


INVERTERS 


MOTORS 

General  Electrie  Motors;  Type  B288  ;  6%  HP;  no 
base;  flange  mounting:  230  Volts.  D.C. ;  Field.s 
separately  excited  at  110  Volts.  1100  Speetl:  Ball 
Bearings.  Brand  New  in  original  factory  cases 
Price  $01.50 

Electrie  Specialty  Motors;  Type  BF51B;  Marine 
Duty;  Double  Shaft.  Ball  Bearings:  2H  HP — 
5  5nn.  440-3-60.  Brand  New  in  original  factorv 
,•..^e8  . Price  $23.50 

General  Electric  Motors.  1/6HP.  Type  BC.  115 
VDC.  172.5  Rl’M  Compotmd  Wound.  Recondi¬ 
tioned,  guaranteed  perferd . Price  $9.50 


TRANSFORMERS 

West.  Diet.  Trans:  Brand  New  complete  with  oil. 
Typ,’  S  2400/4160Y  Volts  to  120/240. 

3  KVA  . $50 

154  KVA  . $37.50 

Pennsylvania  Air-Cooled  Transformers.  10  KVA; 
'Two  Insulated  windings.  220/110  Volts.  Brand 

New,  A  remarkable  value  at . $65 

Westinghouse  Air-Cooled  Transformers — 460/230- 
230/115  volts,  154  KVA,  Type  JR.  Brand  New 

$21.90 

Westinghouse  Transformers — 460/230-230/115  volts. 
1  KVA.  Air  Pooled.  Type  JR.  Brand  New... $17 

CONTINENTAL  MOTOR 
GENERATOR  SETS 

754  KVA;  1800  Speed.  Ball  Bearings.  Input;  230 
Volts,  DC.  Output;  115  Volts.  AC,  single  phase, 
60  cycles.  Complete  with  automatic  controller, 
fleld  rheostat  and  push  button  station. 

Rebuilt — same  OlOA 

as  new  PRICE 


Electronic  Laboratories  Inverters;  Type  262;  2.50 
watts,  maximum;  110  volts,  DC,  input  to  deliver 
110  Volts.  AC.  60  cycles.  Brand  New  but  shop¬ 
worn — repalnteil.  Guaranteed  perfect.  Price  $26.50 
ART  invertors:  6  Volts  DC  to  deliver  110  Volts, 

AC:  85  watts,  maximum.  Brand  new . 

Price  $14.50 

ATR  Inverters;  6  VolU  DC  to  deliver  110  VolU. 
AC;  85  watts  maximum.  Brand  New . 


Westinghouse  Watthour 
Meters 

Type  C8.  240V/60cy/lph  15  Amp.,  3  Wire,  new 

$12.50 

Type  CS,  120V/60cy/lph  15  Amp.,  2  Wire,  new 

$9.50 

Type  CA.  120V/ 60cy/lph  15  Amp.,  2  Wire,  new 


G.  Ee  Motor  Starting 
Reactors 

Type  11K2840G2 


Rated  at  440 
Volts,  3  Phase,  60 
Cycles,  16.8  Am¬ 
peres.  15-20  HP. 
Wat  erproof  Steel 
case.  17'  X  15'  x 
lO*.  Brand  New 
in  original  factory 
cases. 


Write 

tor 

f  12  Page 
Catalog 
on 

company 

letterhead 
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PULSE  TRANSFORMERS  HERMETIC  COMPONENTS  .  HERMETIC  COMPONENTS 

For  all  Services  ;  Ceramic  Terminals  Glass  Terminals 


VERTiai  SHELLS 

Husky  .  .  .  Inexpensive 


STEP.OOWN 

Up  to  2500W  .  .  .  Slock 


LINE  ADJUSTORS 

Match  any  line  voltage 


CHANNEL  FRAME 

simple  .  .  .  Low  cost 


GRADE  3  JAN 

Components 


aSLE  TYPE 

For  mike  cablo  line 


VARIABLE  INDUCTOR 

Adjust  like  a  Trimmer 


TOROID  HIGH  0  COILS 

Accuracy  .  .  .  Stability  j 


TOROID  FILTERS 

Any  type  to  300KC 


MU-CORE  FILTERS  j 

;  Any  type  ’/i  —  10,000  eye. 


EQUALIZERS 

Broadcast  &  Sound 


COMMERCIAL  GRADE 

Industrial  Dependability 


SPECIAL  SERIES 

Quality  for  the  “Ham” 


POWER  COMPONENTS 

Rugged  .  .  .  Dependable 


VARITRAN 

Voltage  Adjustors 


MODULATION  UNITS 

One  wotf  to  100KW 


LINEAR  STANDARD 

High  Fidelity  Ideal 


I  HIPERM  ALLOY  |  •  ULTRA  COMPACT 

H-gh  Fidelity  .  .  .  Compact  portable  .  .  .  High  Fidelity 


REPLACEMENT 

Universal  AAaunting 


COMPONENTS  FOR  EVERY  APPLICATION 

-  ^  , 


r 


00^ 
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TETRODES 


The  world's  most  modern  tube  plant . . . 


R^rtsentative  RCA  types  standardized  for  future  equipment  designs 


Tubes  for  today 
and  tomorrow 


HEKE  are  power  tubes,  phototubes,  and  c-r  tubes  to  serve 
the  major  requirements  of  equipment  manufacturers 
for  a  long  time  to  come.  The  tubes  listed  are  those  you  can 
depend  on  now,  and  for  your  future  designs.  ^ 

'fhese  RCA  types  are  especially  recommended  because 
their  wide-spread  application  permits  production  to  be  con¬ 
centrated  on  fewer  types.  Such  longer  manufacturing  runs 
reduce  costs— lead  to  improved  quality  and  greater  uni¬ 
formity.  Resultant  benefits  are  shared  alike  by  the  equipment 
manufacturer  and  his  customers. 

RCA  Application  Enpinoors  are  ready  to  suggest  suitable 
tube  types  for  your  design  requirements.  For  further  infor¬ 
mation  write  RCA,  Commercial  Engineering,  Section  LR-40, 
Harrison,  N.  J. 


Preferred  List  of  RCA  Non-Receiving  Types 


CATHODE-RAY  TUBES  AND  CAMERA  TUBES 


RIIMtCepM 

(Projactien) 

STM 


Cam*ra  Typ«« 
.5527 
2P23 
5*55 
1S50-A 


Otcillogra^ 


M«no(<ep« 

im 


(Diractiy  Vmwm) 
7DP4 


PHOTOTUBES 


Oat  Ty|»M 
Vacuum  Typut 
Multiplior 


1P41 

922 

931-A 


927 


930 


GAS  TUBES 


Thyratront 

Ignitroni 

RuctiRurt 


2D21 

5550 

3S25 


3022  004 

5551  5552 

073  OU 


2090  S943 

5SS3 

057-0  OM-A  049-0 


Veltoga  Ragulatort 


X3/VRI05  0O3/VR1S0 


0A2 


POWER  AMPLIFIERS  AND  OSCILLATORS 


(Atr-CooM)  1 
Oil 
012-A 
024 

033-A  . 
0000 
0005 
0025-A 


( Watar-Coalud ) 
9C21 
9C27 

009.A 

092 


PENTODES 

(Air-Coolud) 


SEAM  TUSES 


(Air-Ceolud) 

4-12SA/4D2t 


(Wcrtar-Coolud) 

0D21 


(Alr-CMia 

2E24 

2E34 

007 

013 

015 

020 

029-0 

032-A 


1 : 


THE  POUNTAINHIAD  OP  MODIRN  TUBE  DEVELOPMENT  IS  RCA 


RCA,  Lancaster,  Pa. 


HI 


ma  ompARTMMMr 

RADIO  CORPORATION  of  AMBRICA 

MAmmiaoR.  m.  j. 


